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SI£Ua1| J) 

Introduction to Simulation 


?SISUa1| U .1 


Systems ^ Imitate j' Simulate ^l-iiLLoib al£U^l 

.^1 _j]l 4^.1ÜuIXJJ JM 

S^lc. LljljjJa^)ä]l oÄä tl^XaC. (JdlljjJa^ ^jJaj jüü]l oÄä 

1A'\1 LllljjJa^)i]lJ Lll'^^lji-a]l oÄä (J^joü ,AjlIaLaj AjjJaljj 

.Model of the system 

dlla^ilsdl (jj^ LaAic. 


AjjJalj^l l" iV a1 » (j^MJ 

.Analytical Model ^aj ^Lki]l ^jc^ J£Jij 

^Ia^JLoiIj tiÕa a 1 a'\ 1 <Cjail^A Ij^Ajc- (^AjLaxJI La£^ A^x» a 1 a'\ 1 LaAjc- 

.Simulation 


o 


o 


o 


djLat-jjoil^I aäJLoiIj Simulätion^ 

I^^Ljajj t ] a 1 a ai ajcj^ ^jj] tallÄj 



Djlä]| J Aje. 

1 ] 


1 



ö^lill Aic. 


öjläll jXjJaj Aic. 

ciiLj jSkO (_jic. 


diUjSx>'l (_jic. 

[c'-^l 2 ] 


[c^j 2 ] 




' ^ ‘ ^ (Jc-liiii dlUj£-a <£. J-"-^ ■" (jc. Sjl^ “ÜLj System ^atiü]! L^^}*J (jl (j^-aJ 

^jl (j^-aJ 2iliLa3 j^jA *—Š.i^lj ^Uäj]l i Lk^j l3^*^ AjLhäJI Q 

LjJ^^ LaUšij d^-ääj (jl (j^-aJ J <jailj^ cJ^l (j^ LaUäj dlLj \c. 

[Jl^ 1 ] . j^l Subsystem 

:Discrete j Continuous C 5 ^j ü^ o 

_AjjIj ^yc-j ^jlilxj 4yLaj Clll^yS Aic- ^Uü]l dl^^Lsi-a ^y*jj ^JaŽlLa]! ^Uü]l • 

.[J^2"] 

_|^(JliLa 3 ] ^yuxiba ^Uü]l dl^yLalji-a ^y*JJ ^j>Uxiba]l ^Uü]l • 

(jc. Aiax-a CS^ ^_jjkkaaJl (_J^1 jya ^Uü]l (jjj^)jJa]l (j-a 4jli /klAiVl /k q 



2 















































(lillid 4.j^Lk (JjLoij plA-N.‘u.'l 1 . _ ~1a-n.‘uh' j La ^Üäj 

;L_äljj^l 4j^ Sl^La^l ^iLaj ‘- °y'‘^‘' -liä-a]! 

3 Ä ual l sl£La^l :Dynamic j' Static o 

La ^Uäj (_jc. L ''^' _j<aj]l Lai _[^(Jl!La 4 ] dläj Ajc- La ^Uäj (_jc. 

[^(JliLa 5 ] .'õ^-li-a AjLa j dllj^ 

jÄ rStochastic grji>^i jl Deterministic JJa^i o 

jjoaJl _j<aj]l Lal , [^(JLLa ^ J 4^1 jjqiC- (_5Ü1 _j-aj]l 

[^(JliLa 7 ] .(^1 jjoiC. A^lj C5^ _j-aj]l 

4_4«j Clljj^ Ale- ^Uä4l Cll!^LL>a J;AXJJ ^JalLali ^Uä4i ^ ;^ 2 aälAllj jaLumII o 

^-a ^)-aiai<a jJS-i^ ^Uü]l dl^^Li-a ^)<aiaba]l ^Uäj]l ' -"'jj 4jjlÜa 

_lajLuj LilJ La£ t(j-a^l 

Diserete Time Simulation ^iaSiAll di^l .3 

(JjiLaJ ^ Llll^ 4_ijaü]L ^Uä4l 4^A»j ^l-ia‘'/'\l LjA^I 4^A»j ü) O 

• [c' ^••' ^ 4 uullL ^Uü]l dl'^_j^JLa] 4dlA]l dll^jatMl 

.event "ÕAA^^ Jalij Aje. (_jj]l ^Uäj]l dl'^ j^jLa dl jjüi]! L_ä^)*J q 

(_J-aLij]l (j^-aJ 4.jLa*Jl oLj^l 4jl '^1 LjAj ^JaŽlLa]! dAiJl ^Uäj 4^A<aj (j^-aJ 4jl ^afr^L Q 
_4dj^p^'^l CAuil_^^1 ^A^jluLl cjUÄ] ^Üäj]! lg at.a (J^iLcJJ (_ 5^1 4 .■'•š.. >ill dLa4.1^ ^>a 

[J^8] 


3 



Time- Advance Mechanism .1.3 

_ 'Õ»*' jj» Ajli dlA^I 4^A»j] 4.j£»ljjA]l 4jc^nia]l Q 

jj» dlljjüi]! (j»3^1 SaIj j] AjAiJ 4-1^ liüÄSj tSl£l.i-a]l ^ ^AÜui»]l (j»3^1 

lijA^ 

-V /'\1 4£.ljal ^Uäj <^A»j] ^AäJlul»]! (J_j^»»]l j_5C--^ O 

.Simulation Clock 

0»lj^ pAje- (illÄj l»l»j sAA^» ^yc. ^ 4£.Lui] ^A^jLai»]l (j»3^l 'šA^j ü) O 

4jjLui» jj»3^1 oA^j jLjjc-I jj£»Jj V ] jj jlui»]l 4.^^^ ^■'~1l»lJ 'AKl -s. .n\l 

[^1 - >»j' 3 J ^pl 1 a' 11 di^jLkA» l1i1^)J*j 

•ü ^1 ^ /'Il jJjLk jj» SaIj j] 4 JI AjAij] jjlÜŽj^jia A^jJ Q 

^üäj plA» /' ^ ^, Ku . n J :Next even time Advanced • 

,AjA^ CJA^ JJj^ ^ Aje- ^^1 ^ -nll Ax-Loi aI jj ^AKI ^ -nll 


J jaJi» Al jj LÜu^ :Fixed inerement time advance 6- j^' “-^^j 

_(Jj'jfl ^ _jj]l jj» ^ - ^1 •*>. <ll_^ ^)JJ*jj .(j^j^^ Ajjlii ‘õj_j».aJ ^^1 ^ -"11 4£-ljai 


^1 IjjLoi» ^^1 ^ -nll Ax-Loi (J_j^ji» 5.»^ ti*-?- ^ ^aIa]! lAjAiJl 4 JI ^lAijLoil Aje- o 

.4^aIa] 1 CjjlA^bU 4jt3jj»]l jLajSfl AjAij tjüÄ A*J jiJJj ‘ ^ä- ^11 

4»^ Aje- ^^1 ^ -nll 4 £-Luj ^Üäj]l Cj^ jsJi» ‘■'"'J ^ CJA^ (Jji jj^Jä Aje- Q 

_^aIa] 1 lAjlA^bU 4jt3jj»]l 4»»jSfl 'J ^ tAJAj j» j (Jjl 

^^1 -nll Ax-Loi <-a^ ^düll j^ji» ‘■'"'J 1 ^ CjA^I jj^Jä Aje- o 

1a£aJ tkxjAli]! ijjlA^bU Ajiijldl <i»j^l ^ ^ t4iAj jj»j j^plj <-a^ Aje- 

.L_Š3 jj] 1 Ja ^yii j_j^Jä AjLaaJl ^)»Jjaü 


[Jlii»9 ] 


4 



Components of Discrete Event .2.3 

Simulation 

^ '^) plA-N.‘u.'l' '/šKl ^ /'\1 ^q 

CJ^"^ ^Loõ] dlU sÄA p^"' ^1 (dlU i^_yi 

1-1-š.VI (_Lk^j 11^'^ 


^j3Ui ^,^-š UM^H Cl'^ jiJLa]| ^ J<a-N<a Jlajj iSyStem State q 

, ^ (j>>j -llc- ^Uäj]l 

(> jii Jiäjj :Simulation Clock o 

" .sl£UJl J, 

tij-iaJ! (_5jiij 4^lä iEvent list <-ajla o 

^ Jüaj cj'^ jajLa tjfr a jLc. j iStaüsücal counters o 

^1 ^LLfr)/ ^. ~>s . u . n ^'ü JJ :Initialization routine ji o 

.(0 t5 ^) «.aJI Aje. dl'^ jaJLall ^IaIj*^! 

Ak j3lA dAjJl A^\l jj iTiming routine jj o 

jjj jJ ^jLouj 4£.Lai (JjijLa 'J ^ (j®_S ^aIHI dlAiJl 

,AjA^I dlA^I djA^ 


Ajfr ^Lkjll d'jfjada ^ JJ lEvent routine ^-aU jj o 

,(^dA^ (J^ A^lj ^ j^ 0jjljjJ A^jJ Sl^Li-a ^Uäj f^\ La dlA^ 

^jŽj ^ja. 0 jj 1 jj jfr sjl^ :Library routines ^jj^' 0 j»'jj o 

n 1 ^1 -N. aW ^ aW 4_iji ^s^iT - p .2-il^^jj 

CjIaIajJI ^Aidjj ja. 0j»ljJJ jfr jÄJ :Report generator jjj'^' -^jj» o 

.Sl£l^l ^Ujij jjjliill jiLi^ jLL^V' 

s jIa) jfr Jj>^l jaJl 0j»ljjJl jÄJ :Main program cs^J^' J^' o 

_‘õl^La.ji]l jjjlij]! jl^Jäj ^ j-a_5 ‘ Sl£l^l ^Lkj 


5 



.^JaŽla]! FlOW COntfOl ;j^ (J^jill Q 



6 









Building a simulation model f Uj .4 

jllHi ' ^Uäj f^\ 1. a. J Q 

^Lkj tjA ^Lkj ajl^ (_5JJ jj jij^ ^Lkj (_5l :Environment • 


_U j& Aižlaui jj£j jl A^li :Interdependency • 

jl ^Lkj jij^ :Sub-system ^ j^dl ^Lki]l • 

(J£jij 4.Aläla dlUj£-a Xc. j-a^ jc- õjl-JC- 'Udäj'^! (J^ iOrgailizatiOIl • 

,^Ujij]| jj£j] J jll 1 ■ >»» J (Jc-li^ i-"'J ^ J 

jüäj Sl^La^ (jjjL jc. ^ liüi jli ^Uäj 'AKl /'I ^Uäj «.Uj Ajc- Q 

_^1^11 ^Üäj]! jjj£j] 4j j^l ^üäj]! sÄA ' ^ Ü^J <* oVK ^ ‘ ^1 J dllj jLaba .ijc. 

(J£Jij] t4.aiikjj dlljjluLä Aje. 4.aiikjj A-aIüI 4j^A<aj ^ (J^jaJl j^ O 

AJ 



Jjjj Õjbl ^jA ;3- d^^ill 


7 








: ^ ^ ^La.S/1 CjI jioiJl o) o 




AjuiLoll Aaj^LuiVi * 4 - 


8 





Simulation methodology SISUaII .5 


t (JliLa ^Uäj «.Ijj AjuiaJl S^jäŠJl oÄÄ (j^niu 

.Single Server Queuing j 




Ijj^ 4j| ^ ^/' ^.^xj ■" ^Üäj] ^Üäj «.Llj t-üi 

(_Jja*jj ^ Ajixjj S^jjŠ] tj-axj 4j| (J£ ^ji ‘M dl'^1 Ajä (_J<a*j ^ik^axj 

(_jc. (Jjjjoixj Jaiä (_J-alc- (_jc. L_Šäjij 

jiij Cy^ jii S\l-i» /' 4j^l duikjj ^\l-i» /'\1 dl'^^1 

S \li» /'\1 lIj'^^ 1 ‘FIFO (_Jia*lLa]l Ia^ l3^_s 

IAjjA (_5 ^ ‘_Ix^a]! 

;4jlUli (_Ja*J1 õjjA *—š^1 t> ^1 J£ Jl:i]ljj 


- 

-1 

cj^"^ cj-axj 



<< -► ◄-► 






.(_^LuiVi y'i/1 (JaC- ÕjjA ;5- 


_(_Ja*J 1 (_jc. Cll'^^1 L_ŠäJj (j-sj AjAij] ^Uäj f.ljj 


9 





:J^I 




.^UaiJ J^alc- J^iC- A-iJjij 


Cl^VVl 


^^U-aVi (J-ölc- 



(Jlaxj *^- 


‘Unit time j c>äj ü' l>^j^ 

^Ajixjj lLiIa^j (_jjiA^ (_5 jLujJj dulj ' ‘ (j-aj Ü^ 


[c^j 10 ] 


10 



U jj^ events i^j'^1 SjiaiJl • 

.^Uäj]l ^ lillini 

cvcnt-gravc CjUaLi-x» ^l-ikioilj ^Uülb cjl^'^1 JjiLaj õ^-aj 

“'' ^Jajoil _jJ (_Jx<ajj S-iac. (_jc. SjL^ dlA^ (J£ 

.^Lk^l ^ Jliül 

[Jlla 10 ] 


.^Uäii] SjJÜLa]! iijl^'^1 ^ a.^*' dl'^jiJLa ^.lai ^ ^lii]| a jixäJl 
(_^ljai]l ^Uü]l dl'^^y*J ^jl (j^-aJ 1A'\1 4ii]lii]l a 


,J.'A\ 

[c^l 11 ] 


(1^"^ 

[^Idajj 12 ] i—Š j^ IgJj^^j 4j^l (Jla*J -1 

13 ] .j'-^'^' ‘-^ 2>-a J -2 


11 



jsJLa ^Idaj 4-1^ ^j^LoJl (j^.laJl • 

dl^'^1 f.lgjjlj dj^ diäj dljjju jLoLä (_3^^ t5^^J 

;aia^\ 

(J C)^ ‘~-^(^1 (J^ 4£.Lal (J~1 a-n.‘wh 1 ^d L_Š• 

jd (_5^1 *' 4£.Lal (J_jdLa ^ddilJ L_Š_jjal Ld • 

ffl ^dluiJ ^Loi (JjdLa tn+\ C5^j 4jli ^1 ffi Uj^ (jld lil (_5l • 

^j-a j '' ’'~»-jl A^lj (J_jdLa ^ddij l-ad ^j>j 4J1 (J£ (_}ja*j (j-a j ‘- a. J^jdLa 

.^1 aJ ^X^l 

dljdla jLuLa mastcr clock ^Loi JjdLa ^Iddl liüid • 

.sddJl 


12 



;(J-ax-a]l 

C^'J CL3 J CL2 ‘CLI ‘LXII ^L21 O' l>=j^ • 

_dl^il!i]l dl'^^1 (_Jia*j (j>»j ‘- »‘ 

_CL4 AiLuJl di'^^1 AiJl t- '»‘(J_j^JLa]l ^ji • 

.MC Ax-LoJI (J(jlj • 

_4^1j ^_jSj (_LIjl 11 (jl^ lij L j- »‘ R (J_j^JLa]l (jlj • 

tCLl^l ‘‘L^ J lif-V1 AjjI.Üj'^ 1 Jaj^)j.^l ^ji (_).<ajjij] • 

A^j cijl.ii.j (_>L<iik jA 0.12^1 j]l õ^j õ'j ‘CL3=9 J CL2=4, 

^lajLoi Lj^ La£ Ajixjj CIiIa^j ^yÜiC. jA (J-aC. (j-aj Ü^J 


.Ijj.1j ^Uäj]l ■õl£l:a.-a ; ) ,(JjJ^) 


^IxJl 

MC 

CL4 

CL3 

CL2 

CLI 

n 


A^\j 

0 

- 

9 

4 

1 

0 

1 


1 

6 

9 

4 

- 

1 

2 


4 

6 

9 

- 

- 

2 

3 


6 

11 

9 

- 

16 

1 

4 

(J^aUüü^ 

9 

11 

- 

- 

16 

2 

5 

(J^^JUaba 

11 

16 

- 

21 

16 

1 

6 

(J^JUaba 

16 

21 

26 

21 

- 

1 

7 


.[c^] 15]‘[c^) 14] 


13 




(J£jai]l (j^ jljoball ^Ic. 4jl1 ^al.läJLailj ^Uüll Sl£l:a-xj ^ 

, JjjLui]) JjŠ^I Jaia^^l 



dlVVi ^lläj ^1^1 a \ UU-v a •'y. 


[c^l 16 ] 


14 



























[c^l 1 ] 

(_jc. 1» '.^^Axj ^jl ~1 a-n.‘wh1 (Jl!La£ 

(_^Ja*J L_Š_jjai ^joi^jl (j-a *'■" ^ik^a<a]l õjl^j (_jjali-a (j^j 

^ lil 4^AÄ ^ L>^_S J _jaÄ-a]l (j-»3 L_äJlÄ *'1 ■ ^''^Vl 

^a1 .^'laVl <jailj^ Sl^Li^l ^IaÜoiIj AjL^'^! ^_jic- (Jj‘^^11 jaI .^'laVl <iJl^ 


[c^l 2 ] 

o'^l jl ;J^l ‘“^'l 

[Jli- 1 ] 

(JJ. ^^11 ÕjIAjj ^i^^‘'ä/'ll ^jjLaLsJl ‘'J 1 td]ij ^ ~a^■ ^■" ^Üäj 4jailj^ ^^llLaä 

4^^)\jJl ^Uäj (_jc. ojL^ jA ^Uülli /"'l^J ‘“11 jl i—Š^)jk^ 4^.1^ C5^ 

• 'C -"J '''^ '^'_a-^ll Ia*'*'/'!! ^Lj^I j ^j>i]1 


Aje. 1- ä.^11 ^ (jjlj^l AAc. JJÜJ ^ 


[Jli-2] 

^uaj '_s^jjk^axj ^Lj^l 4^A^ ^Uäj 

(jjjj ^AÜ jjM «.l.§jlj'^l Aje. jl AjA^ ÜJ^j 


l-»'»*'." >lJäj 


[Jl^3 ] 

^)-aJjai<a (^‘õ^Ua]! ^ J^J ^Uüll Cjj^jLalji-a ^)<ajjaixj ^Uäj S^Ua]! ^Uäj 

.(>“ j^' ^ 


[C^\ 3 ] 

(_Jx<aaj lAAje. Jaj^)2i]l ^);}*j (J^ AjLaaJl ^llj]lj ^lljj ^Uail] AjIaäJI ^^>aj]l ^jHj (j^ 

_ljAlx<aj3l 4.äl£>j 4i^jja]l oAA ^jl 'jfl .^Uaiü AA^A ^jlHj 


(j^LjJa AJajoil_jJ a]_j>j f.1 _j^l 


LV,^ * <- J 

AjoiljA ^jliLa^ ^Ä_j<aj (j^ 4jjlia (_^_5 

_(_)jl.La]l (_^jJalj^l ^Ä_j<aj]l (j^J 


15 



[c^l 5 ] 


'AKI -V /'\l ' ji tljj^ AjjJalj^l (JjLai liUij jJj (_5A<a Ajoilj^ 

_' ■" (j_j^ LaAlc- 


[JU, 4 ] 

.Monte Carlo 


[Jl^5 ] 

1_š4xj]l ^Uäj 

[Jll« 6 ] 


[Jl^ 7 ] 

(_jjlj^l A-aAi. ^Uäj 


[c'^) 6 ] 

A_4<,^ Jalii] A _um'i11j a 1 a'\ 1 dl'^ 


[J^S] 

A-aAij f ^Lj^I A-aAi. ^Uäj Sl^Li-a 

^j.i3 (_3jti]l^ jUäIlj'^1 A.ä^)üaü ^ _'' “'^ t(jJ^)iäÜ<a]l 

|_J a 1A'\1 d'^_j^dj A^ Id 

^ JjiJLa]! d^jj .busy Jji4ba j^ ^1 tidle JjŠj^ Jä (^,~|-^.aH) aJL^. 

^jJäõjj jl (^J^jida (j_j^ LaAic.^ Ij^)j.jL^ '~-®J^ ^^)x-a 

_j3Lda LaAjc.^ I_da]l 

^jjk^aJ I Š _jjai p ''A. /'\1 lÄj La J_j^JLa]l d^_S .' '/'\1 AAc- 

_i_da]l ^)]älLa Jji t5^ ‘J3*-»^ 

C5^ (j_jJ^l jUäjjl (j-aj ^^)x-a J_j^JLa]l IÄä d^Jj Ü^J 

/ ä.^\l 

.Ü_yJ^^ ^Aij (j-a f.l^jj'^lj ^>^L-a fJ-^ LaÄj 1 a^ (j^A^ 
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[c^l 7 ] 

4jti£ 


[c^l 8 ] 


(j-a^^l (j^j Sl^Li-a]! (j-a j (j^ jj Cll'^LiJl -n ^ 

u.il a,!^ «.Uiil 'AKl ~v /'\1 


[c^l 9 ] 

^ (Next even time Advanced ^1) ^j'^1 ^, K'u . ri i_š 

, j^jLdl IIä 1 ^ 'f~- L_äjjoi (_5^1 /'Il 

[Jlla9 ] 

I [(JliLa A J SKLi^ ^Uäj] a 1 a' 11 dl'^_j^JLa (j^l 

.^üaJl (^j i ^J õjjjli t>Jj JiäJ :ti • 

.^üaJl (_^j /-I ^J Üj^jW J i J ÜJ^j^' LÄ Õ^j^' tjj2 :Ai = ti-ti.i • 

_(jLLlj'^l tjj^) i (_3!iLaJl Aijüoü :Si • 

_A-ajAäj ^aJJ (j-aj) '_ 1 ''^-Di * 

<-^J t>j) i üjjj^' (> f j^' (>j^' :Ci=ti+Di+Si • 

.i jj^ (>j [Ci • 

A-ajd J_j3 (JjSfl (j^9j (J(.5^ '^liLa l}^ ‘ 

C5^9 .j_J* jaba (j_J^ ‘- . 

j hTn j f2 -Aje- C5^9 cÄ Jj*alä (jj^ L_äj^l 

’'A‘'j Ia^j (J_s'^1 C\ ''•A-*' (J^jida (jj^ '_a.^11 

___1a£Aj ‘Aj A '_jUäjjl Ü_?^A 



0 h 


tl Cl t3 


Cl 


V. 



V. 



Aa 


-► 

Time 




Sl 






Sa 
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[c^l 10 ] 


(_5jLaLLa (J-aC. (j-aj ’'y'»»‘'_' ^Lula]! (_jj)J^ ^jl (j^-aJ 

jC. (J^joü J:J^J 


[J^ 10 ] 

(J£j.l]l (_3Šj t- ^Üäll l1jIa^'^I ■" (JiLaj ^1 



[C^j 11] 

;U]l!La 

(_]]axj ^ 1A'\1 IÄA Jä^^)La]l dlA^I jj] 

S \l-i» /'\1 Cll'^^1 ^ j_^l_ui]l dlA^I t- '»‘ pl 1A'\1 j^^^JL a Lai 

tl_Lk^l ^jJšijjj l1j'^1 a^jj i^\ ^)ax<ai] LjLoba S \1-»» lIj'^^ 1 jjli fi—Q (jl^ 1\1 • 

.^ij J, cUi^J 

(_J.<ilc. tl_^jJäjjj lIj'^^1 jj S\1-i» /' aJI jj 4jli fl—\ (j^ • 

.W1 c>u 

^jŽj (_lalc.j (j;^ i- »‘; jL»*'"' 4 JI fi-\ ^jJ 'üli /|>1 aJL^ ^ • 

.m«-a]l JjSfl 
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:J\^\ 





^jj (Jä 





9 





[c^l 15 ] 


^jJajl Aij^)IaJ ^Uü]l i_ix^jJ ^ji (j^-a-J 



◄-► 


[^l^j 16 ] 

(jc. 0jlli]l ^ /'J o-ljillj ^jSjj ^3jLjai]l /'\1 (_3^:aj 0-alj^ tJUa]l (_3Jc- 

dl'^_j^JLa]l (j-a ^ aVi-^ /' 
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^ji .liii .iä ^'.^i" di'^^1 ajluuj ^ i"^' ^Uäj ^ji ‘'õ*'»*' (_Jä 

_ jjüa (j-a j 

.jIj^'^ 1 (j^ .lil ^aJÜ (A 

.jL^*^! iiü ^ (B 


^ji jlj^'^1 (jJ*J .lii .13 ^'.^i" dl'^^1 aJLuuj ^^1 ^ i"!' ^Uij ^ji ''a*'»*' (_Jä -2 

_dljlj ^*^1 (_J-aC. (j-aj 

jIj^'^ 1 (j^ .lil ^aJÜ (A 

.jl^*^! iiü ^ (B 


^^llj.^1 aJLouj 'll^l ^ /'Il ^Uäj (JLaC. .1.1c. _jÄ La -3 

.JLaC- (A 

(B 

.^1J cUl^ (C 
^ IL»» /'Il lIj'^^1 .1.1c. I _boi^ ^)jüa (D 


dl'^^1 ^IlL.^1 AÜx-a]! ~l L»'!! ^^La -4 

.HFO ji S/ ji ^^lill (A 

.^!lL^'^l jij.^i Ci3j (_^1 ^Lüi ^^1 aJ^I ^.lij (B 
.UFO l>i S/ji ^^lill (C 

.^^Ijjic. (J^joü (J) 
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(JjLuLO 

p ''•^ ■" ^Uäj] SlSLi-a «.l^)^lj ^jSj t_Jj£l -1 

.Ijiii]! JJ^J (J^ jj^Jä Aje. ^U]l CjL^^P-a]! 4£.ljjaj ^jSj 

^1 sl£l:a^l ^Uäj tji A^b ^ .Mastcr clock ^Lb] 20 <<a^' ^^\ 

.^jjaJI 'AKI /'\1 jjc, dbaä 

jj^Ai-A]l AAc. (j^ 1. aj.^/' ^ (jj^j ^Uäj] ^jAj Sl^La-xj ^Uäj AjŠjlj ^ -2 

.(_3jljai]l (JljjaJl La£ oAjiilj ^Uüi] ^ ^ tA^lj 2 jJ-" 

ü^_?^ ‘''^ •" ^J-b ÕJ^ LaAje. (_^Lai]l (Jl^joill -3 
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Basic Probability and Statistics 


Ai^ajLa .1 

jj»j ^Uäj]| ■" ^llllluil (J^-^ ^Üäj ^1 Ja^ O 

'äl£La^l ^Uäj ^llaj j1ula]I ^^Ic- A^jjoiL^ ^lAäJLoilj Jalxä^l ^ 

AjjLk^a^j J AjjI_ jjaiC. dl'^(j-a 4£. ■" 

^ Ü^J (^Uäil] L_Š^)jk^aj]| alSLa^ dl$.lx<a^'^lj l"■N\ ~1a-n.‘wh 1 ^^llLaä Q 

tAjf.li£j Aj^ q-^ 

dl'^ jadi] JLal^'^1 yjjj]l ^Ij jljlk'^ t-'l/-.l .^^yi J ^-'Vl Ai^Vl ^i.läJLail ^ jl o 
4j^)aa]l pJ■"‘ J ^Uäj]l ^jÜj (JjLaJi] ji IÄä 4dljjic- d*^jaJLa ^jj] jl 

.Sl£l^l Ual£]l A^l 

Aai*ia]lj AjjI i" ■N\ Ai^Vl ^jc. AjjalLul'^1 IÄä (_)^^)*ialj L_Š _jjal 


^1 jJüdül cjVjV>A\l .2 

j^ J j^ üj^ j' U-iW experiment ‘-šj*j o 

.LaLaJ ^j^)3ua 

iS ^ Sample Space «.LdalLj AjjaJil] Alaia^l ^ j <a -> <a (J£jd o 

_[^(JliLa 2 ] [Ü^ 1 ] .** JaliilLj ^jllj (J>»» J l«anj 

Aia^ ü^j'^ j' 'O'^ ‘'-'W Random Variable ‘-šj*j o 

t[(Jl!La 3 ] .iS f-Lda]! ^ }-aVu +00 J 00- (j^ (_5l (j^aJj^^aäj 

.fc^l 1 ] 

X JjadJ] distribution function F(x) ^ jjj ‘-šj*j o 

La£ AjijlaJl 

F(x) = P(X<x) for-oo<x<oo 
.[^Ldj 2 ] .{X<x} JUi^l > P(X^) ^ 


23 



jfr ajLc. aIj Discreet Random Variable i-šjxj 

Aklj [(J^^ 4 ] ...‘JC 2 ‘JCl jjiadl (_j-a Ac. j-a^-a 


O 


O 


p(x^) = P(X <x.) for/ = l,2,...^ 2]p(X;) = l 

!'=1 

:ü'^ ‘‘a<b ■^'■^' b J a 24 ^^ I=\a,b^ 4 ^^ o 


P(X^I)= XpU,) 


a<Xi<b 


(_^j (_5jljaü / ^ ^ ^ <a Tn J j^'i <a H (ji JLali.1 f^\ 3 4. 

.a<Xi<\) Cy^ s Xi 5^^ p{xd 

^Wa‘'/'\1 ^aaJI (JJ VI ^ ü) O 

F(x)=^ p(x -) for all - oo < X < oo 


x,.<x 


Probability Density Function JUia-VI ^üill ^Jjj ^jU .3 

cJ^iJ ‘ [<J^4<a 5 ] (=>^1 (j-a (j^«aj (_gjl ^xüc. J_j^JLa Lij^ 4jl Q 

f(x) -^j ^4^ Continuous ^-aluLa 4jlj ^LoJl <c. ^^Ti<all x jjoäII 

.(J^B C5%^ ^J 


P(X e 5) = I / (x)dx and | / (x)dx = 1 

B 


^ Cll'^Lali.1 ^J«a-N (jt ^^Lal^'^1 ^ jjJ fOÕ CS"”®^ 

[^Ljajj 3 ] .X 3<aljaba]i J 


O 
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[Jllaö] 






Generating Random Numbers jIj&VI JoIjj .4 

;!il!Laa tdilajfLj]! ^j-a ^.liJLaü o 

‘- _'' A^l^gjLuaJi ~1 a-n.‘wh1 O 

_dll^ jjl‘õ«.li£ (_j<a AjjI~1a-n.‘wh 1 o 

$.1^1 l 1 i'^L^I '/šK' ^ A 4^1 jjgiaJl '/šK' ^ Q 

(3®^ Cj'^\ (_5-5c- '^liLa (_^Lui]l LjjJa^jxiLail ^ O 

‘õLj^l Õ^_S tClulj Lk-taji (j-aj_S dulii (J^iC- (j-® j Ü lillij tA^lj 

Cy^ t(_Ila»Jl 4jijjlaj ^_jjl Ijii ^^aüLa (_i<aJill J Ü^j AjLaaJl 

_4jj| ^1^1 plA-š.‘unl '/sl^1 ^ /'Il ^Ijäj I _ 

ji I _ CJjüiä (JLal^l ^ jjJ 1"'^^; Sl^Las-a ^Uäj ^1 jjoäII s 1 a-^'u/'V q 

Uni s>.ll 4 /sIA'''/'I l 4^1 ^^jläxJI ^jJ LS^ i—Š^)9cjll 

Pseudo-Random Numbers ^Ij^l jIjcVI .1.4 

^ jjJ C5^^J Jjgixll ;j-a 4jjsuLai l-<®jjj ^Ij jjoiC. 4ajas,.U ^ O 

^.ijill ÜA J liliLa SaA.^ll ^.ijill (_5-lc- (Jjssaij ^ jjjll Üä _La (JLali^l 

(j-ajJa ^Žj La (JLali^l 4j ^jm ^jl t4jjailjaill (j^jjJa 4j 

_ AAs>. /'Il J /sll 

1 _11 J • (j^ Sjjjs^ü^lj sLi''*'/' ^jjJ ^Lj 4^1 jjiaJl (_3-ajaLü o 

^jj^ cs' 2^ (^'j Ll^ ‘Random Numbers 

.Random Variates “ 

t(j>jÜ_?^ Lf^J jjoäII .il.ic.'^! jj .iLaJC.1 O 

^ 1-»./'^1 diUL^I jLiikI ^ J ILLoi .iljjoixJ) .1.1x11 ^^><a I _'' “'^ Ls^ A.aJxJ 

I^^Ljajj 4 ]‘ [(J^^ 7 ] .1.1x11 .l4jil ^1-ill QM 

Congruntial 4^Uajll ^^>la (^^Ic- duxj (jjjia ^.iklujj ^j41 t-jjoilj^l sL» ü) O 
l^L L'! 0^1^jJl 0.1^ 4J*'"' '0.11 _ja 11 .il.ic.'^! ^jl L^iiz-i .^>.yi Ia'! di^ Method 

.4ijl^l ^1 jdxll .11.1 c.^Ij i^^Sl lillil LjjSj ^1 jdc. 
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Congruential methods Jjlail .2.4 

^IaÜoiIj tAjjliij ^jJ (_5-ic- AjajUalJl A-aiü Q 

[^Lu^j 5 ] QM aJjoAjoi ^ 

dljll^l lil ^1 jjoic. IAjIjjc. 1 ^1 jjoic. j^ oÄä aJjoJjoi AijiaJl O 

[^Lk.^1 6 ] S <*.^1 -N. Cllljl.jÜ.1 

:^li]l ^jlj£i]l ^:^1 ^ Al,J^\ alÄ o 
X =ax. + c(mod m) 

. [J^ 8 ] . [^'^) 7 ] m <-c <-a ‘X/ 

AjjI_ jjaiC. diujJj A^l_jj.lc. 4.^ 0^ _j<a]l ^jl [Jliia 8 ] (_3' 1 “'H JllLa]! (j-a O 

^jl (j^-aJ [^1 >>ijl 8 ] jl^)£^l Sjj^ (jlj dll^j-a .iju LaLaj 

. [^Ljajj 9 ] . ^aV'-^ /' ^ jIjÜ. 1 (jc. Jjiiii 

1^1 4jjl^)£j]l 4J!il*Jl (_]j.l*J (j^-aJ AiLoJl 4i^>]a]l l-»j-O 

=flx,(modm) 

• [c'^) 10 ] ‘‘fn ‘■a ‘‘Xi 


4 J AjjI_ jji*Jl dl'^_j^JLa]l ■d>a tjli m C 5 I) t#j'^ 8 ] j'o 

. Ij^ jj-^' nt djl£ LaK J .Full Period (2«l^l jj-db jj^l C 5 -^ 

;4jlj]l Jaj^)jüi]l (_ 3 id ^ji 1 -NJ (J^l^l JJ-dl (_ 5 -ic- o 

. <i3 jlouj (J-alx. La^ (j C J tn • 

I jl 4^ix^l ^ ^:is^ r ^-4^^ öFl(mod r) • 

.4 dlifrldia m djl£ lil ö(=l(mod 4) • 

.^JjaiLoi]! (J-ac. jjjj A /'ja 4ji jl_iÜ.l (j^-aJ • 

[Jlla9 ] 

t^jjJall dlljUc. ^.lüaü LaAjc. 0 ]ljoa]l d!iLauai ^iL dj^ >■_ lW'l (^jJl oLiij '^1 >•_ 1 -Njj q 

JLaÄl jl ^ji (^j t4]i t^A^l ^^1 _jddl ^.ijdl ‘- _ '1 “'*»■ Ajc- 

0 jllj (J j‘^^11 ^1 l-a-a t^l i. u~\l l dLjLaadl «.1^)^1 «.Liii AjaaI jiiS'^! d^l 

, LaLaJ <l]ald 


Jjla .3.4 

^ 4jl '^1 AjjI^ jjoudl ^l^Sfl Ajjaiiui ^jii] LalAÜjoil ^pSSfl 4.ilJaj]l Aij^)ia]l ^jl (j>j ^aC-^Lj 
oiA (j-a 1 ^ ‘ ^*'1 ‘ (jjjoüJj tjl^)£j]l J_5^ (j-a L^l^l (jjjotd] ^^)^1 (_3^>2a 

.General congruential method ^ijdl ^Lkill ^jUl • 
.Composite generator c^j^' • 

.Tausworthe generator cjj^jj • 
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General congruential method 1.3.4 

^sIa O 
J^,+i = /(x,.,x,._i,x,._2,....)(modm) 

^liLoi 0^4^1 4£.^j-a Xi 


= a^x^ + 02-^,-1 + 


au a 2 , c 


[JliLj 7 ] Jsuoijla ^jia 1 lüji C=0 J 01=0(2=1 f^' O 

Axjiu (_^lj ^J*4.iUaj]l 4i^)Ja]l 4 .-š.\1 4jLaJl q 

f(x,, x,_i, x,_ 2 ,...., x ^_,) = a,x, + 02-^,-1 + • • • +akXr-k 


.l^U. f(x-,x-_^) = X- + x-_^ :^J£■ C 5 ^' tiu^ 


Composite generator 2.3.4 


aIuAjoi «.l^i ^jjjoLaJi] lilli J [^Ljajj 9 ] ^<8-^11 ^^Ic. 4ij^>iall oAÄ Aaiu Q 

.^Ull 

Ja QM ^ j.^2- ■" jil (jj^^ liliLa 4i^>lall oiA Aaiu o 

oIä t^ljjoic- T ^jjI 4^l!ill 4j^ljtAll s oIä Jjiic. 

4j^lji>ill ^IaÜjoiLj 4^1 jjoäII (j-a Ja ^jil IajjAj ^AÜuiJ 

.4.jLa*Jl l-i^Aj 


;jj^_j-all (ji jlj 4jjJa^ (ji (j^-aJ 4i^)laJl oAA (jl (j-a (^iaJill (j^-aj Q 

(j^AÜjOUlll 
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Tausworthe generator 3.3.4 

ÕJ^ LaAjc. AjajUaj]! o^A ,A<iUxj Q 


J^,+i = /U,.,x,_i,x,_2,....)(mod 2) 


f(x.,x._^,x._^,....,x._,^) = a^x.+a^x._^ +■ 


■+a,x,_, 


•^,+1 = (a^x- + 02-^,-1 - ^^k^i-k ) 2 



[c'^) 11 ] • 1 j' 0 Xi 

^AÜoü I^^Ljajj \'2, ] EX-OR Ajäiaia]! ^lAäJLoilj O 

/'\1 j}^ ‘ /t-bitS aJjoAjoi 0^ dllj^l Xc. ■" 

2n-l jO^' 


^Ijl) jIjcVI .5 

Pseudo-random jit ^ji] ^,^-š uurali (_ 3 ^>ia]t ^Jä*^ ü) O 

õ^j C 5 ^' ü' c5' (jjia numbers 

.^^yi Cllljljlk'^1 dljÜ^l Igji ' 1-» jjic. oÄä jLj^I 

L—Ü\S> lil ^1 JJOlC. Ig-jlj ^1^1 Ajjoliul jIjJC.1 Q 

.Uniformly distributed <3^ ^ j>a c:iil£ lil • 

. ;J jll 1 ‘ J ^_jC- AÜjjoUI • 

•AjjI_ jjijdl jLjÜ.'^ ^jjJJjaiLoil l—Š_Jjai q 

.Runs test oi jlOkl ■ 

.Chi-Square ■ 
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Runs Test JjxJuII 1.5 

4ja!Lai<i AjjI aJjoiLoi dljl^ lil La 4j^)x>a] jl_iÜ.'^l ILä ^.A^lLaÜ Q 

f' independent 

• S jll‘'l l dll^jiai. il Aij^)ia]l oÄä ,A<aJ»j q 

1 Jlj • ^1 jjoudl ^l^^ljj>J ^JjaAjol ikU 1 

0 . 8 , 0 . 7 , 0 . 75 , 0 . 55 , 0 . 6 , 0 . 7 , 0 . 3 , 0 . 4 , 0.5 

(jj£j (jl (j^-aj fun Up õj j* (Jjoi^LuJl (j-a dllc. (_jJl 4lx.aL.dl oIä ^sjoikj L_ä jxji 2 

(J£jaü .^1 jjJ ^1 jjLäJI .il.ic.'^! (jj^ ‘.^Ij l-g-La 0.1^1 j]l (Jjia 

;JLLi (_5.iC.LxiaJ 

.1 JjJoj JjS/l^>jl4LaL.110.8 - 

.2 Jjioj ^Jndl 4 Laiali 0 . 7 , 0.75 
.3 Jjio. ^lill ^>11 aLxiUI 0 . 55 , 0 . 6 , 0.7 

.3 M J' ^J>=d' 0 . 3 , 0 . 4 , 0.5 

^LaaLoll (Jjla i 0 (J_j^l ^jL.aLa]l fjjn Up (JxaLLull 3 ^^ 3 

. ^ .'111 ^ ‘ ^^{^6 lL^LLoII du^j 

.0=1, r2=l, r3=2:J^ 


I^LLdl ^ . '1 “'^1 4.13?^^ JjolLLall 3_?^J ^AÜjolI 4 


R = — ^ (r. nb. )(r nb^ )a.., l<i< 6 ,l< j <6 

n r <; ;<fi 


1 < 0<6 


;4.dLll ^jajxaa-allj (^jlaJU duljü! (j-a ^ jx>-Nx> b i J ^.lüaull dlLiwJl n iLu 

..A 5 11 19 29 1 

1 1 , 2 , ,6) *^6’24’i20’720’5040’840^ 





:^L 11 ^lill 

Aä ja.^.nll ' 

^A=^ ö; 

r 4529.4 

9044.9 

13568 

18091 

22615 

27892 ] 

9044.9 

18097 

27139 

36187 

45234 

55789 

13568 

27139 

40721 

54281 

67852 

83685 

18091 

36187 

54281 

72414 

90470 

111580 

22615 

45234 

67852 

90470 

113262 

139476 

L 27892 

55789 

83685 

111580 

139476 

172860 J 


3£dj ^pi jjLäJI .i.i*ll ^11 .n‘dVi ^33^1 ^Ll (jl-i R^4000 ^4^ 

.6 c 5 j'^ ^Chi-square 
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Chi-Square 2.5 

^üälLa]l ^ jjJ tAjiliLa]! dl'^ jIjÜ.'^ ^U]1 0 jiaiJl Q 

,4dl^gjgiaJi AjÜalA]l dl'^ 

:^l:i]l dljiaiJl ^Idb chi-square j'^' o 

_ J Q /'\1 4dl Ajjaiiui Ijj^ 0^:^^ . 1 

.y^>100 t(_5jljaLLa (JjiaJ <iuAjai aJjoAjoi]! oÄä ‘^ .2 

yj- ^jLujJ i dii Ajj^^^l aJjoAjoi]! (j-ajJa 4dl^jdJl ^\äjj'^\ _3 

[C^l 13 ] .fi>5 üj^ ü' 

tLaLaj plA*'''/' (J£jd 4£. Ajj^^^l 4jjaiLai]l (j^jjJa AjjI_ j2i»Jl dljl^ lil _4 

fll]{^ tAjJ^^^l 4ijaiLai]l (j-ajJa 4^1 ^jjoiäJI Jajoijia <■ _ '1 ^aJJ 


^ n 


x-=-hf.-l'> 

n ,=i k 


.dldaJl 

[c^l 14 ] 

:^li]l ^:^1 ^jLoi^ ^i ^ ^ .5 

n.2 


^j^k-l J 

4 -"J^ll dljl£ lilj '/ŠAA-S. /' (Jjl (j>>jJa 1 4 ^jlLa ^ 

^jji]l 4 J*''11 (_)dä^ (JjIa^I 4dajÜ<a]l 4 -«jall ^ 

.f^äda 

[c^l 15 ] 
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[J^ 1 ] 

'X) _S^ (jjjLibjIü]! (_5-5 c- S '•' ‘ C5^ LijÜ 4jüa3 -ijc- 

5 = {H,T} 

.H T C5-^ lS ^ ' I I (JiLaJ 


[J^2] 


;^U]1 S f' ' Lüli ^^1 i^j 


5 = {1,23,4,5,6} 


[J^3] 

'•1 ‘ >»al' (_5lc. 2‘ ' Lüli ^jl 

5 =1(1,1), (1,2), (1,3),...., (6,6)1 

L>* J J (i, j) ^i l}j^^ (J-Läj 

X 2(JiLaJj _^^l!i]l 


2 1 -"'JJ 


[c^) 1 ] 

Z^Y^X L_Š^pJLj (_jj 1 jjiaJl J jiJLai] 3*^ i— Š jjoi 

.x,y,z ^j=21j 


[c^l 2 ] 


.X (3?-' (> 0<F{x)< 1 ■ 

.F(xi)<F(x2) ü'^ Xi<X2 '\' c5' oaäUla j^ F(x) 2^^' ü) ■ 

limF(x) = 0 J limF(x) = 1 Uj.^ ■ 

X—^—oo X—^oo 


(J1 -"'JJ Z^Y^X L_ä^)^Lj (J3^3 

.x,y,z ^j=21j 
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^■<4 ^ A W li A jlc. ^Uäill Lll2^lji-a C. 


[J^3] 

^ A W li A ^Üäj ^>füeJ a^Üa]l ^Üäj 

.õ-jJ' 


.1 J 


[JliL>4] 




]l 


AjLäaJl 


[J^5] 




[c^) 3 ] 


•Xi «ülj ^ (J/'*'»>.VI ^Ij 


[J^6] 

VI 5jlj£ “4 [^Q^ lj (JLa^l (j^ jüällA]! (J _j^JLa]l 



[J^7] 

^Loi^ lil 5772156649 > ^^1 ^^1 J o^jiLA 

.7923805949 :> ^^1 ^iyia]l ^Jl J t?' 33317 7923805949 09201 
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[c^l 4 ] 


^ ‘ ^ aIAc-'^! 4jjaiL.u a]jJ sAA dül^ lÄj La 

aIAc-S^I (j-a AijoiLoi a] jJ oAA ^jl 4jä^^)La (j^-aJ tAlAc-Sfl oAÄ Jajl^ 


_Ajj1 


k^) 5 ] 

4jaiLai]l aJjJ (_jjixjLiJl ^iliLa AA*J1 ^.-a^ ^jJaliuij tdjl i^\ 


[c'^) 6 ] 


^ ‘ .' A|AC-'^I sÄA Lil '*'^1 ^Ac-J A|AC-'^I ^JjalLal ^Uälljl ^Lj^I 


[c^l 7 ] 


0jU]1 Cl t^LilL '^ji 4jjjJaj liüÄj jc- ^Aa]l AA*J1 (j-a Xi+\ jjiaJl !■_ il >u-\ ^ 

,Jaaä 4.Ajaia]l jLlklj jfi ^Ull ^ õ^j c CAn\ ^ 

[J^S] 

lÄj m =\0 J xo=a=c =7 ^ 

xi=mod((7*7+7)/10)=mod(56/10)=mod(5.6)=6, 

X2=mod((6*7+7)/10)=mod(49/10)=mod(4.9)=9, 

X3=mod((9 *7+7)/10)=mod(7 0/10)=mod(7.0)=0, 
X4=mod((0*7+7)/10)=mod(7/10)=mod(0.7)=7, 
X5=mod((7*7+7)/10)=mod(56/10)=mod(5.6)=6, 
X6=mod((6*7+7)/10)=mod(49/10)=mod(4.9)=9, 


[C^l 8 ] 

^ji (_}^ (^4jAlji-a]l) Aj<ajjlI aa]jj (^4jLai<a]l) AjjI^ gjaudl AA*J jjA l_ 

.(J ®JJ^ 
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[Z^l 9 ] 

l^\ AIjoiLoi]! L—Liol^i^ ^ C ^ Cl ^ ^ ^ ^ 


[c^l 10 ] 

aJjoiLoi ^j|£ ttij (Jjt^^li (_j£>jJj fYl-\ _5 * aJjoAjoi ^jl 

.xItYI ‘1 -5 0 Li^ AjjIjjoiäJI 


[JU, 9] 

•j^^A AjjI aLoiLoi ^Jj 4^AÜula]1 4jliLaJl j:>^i (jj 

a=3U, 159, 269, c=453, 806, 245,m =231 


[C^lll ] 

AjjUii dlli Cli Ü iJ]ij t{ Z?} (j-a aIuAjoi ^jJ Aij^>]a]l oÄä (jl 

Linjj 

[C^)12 ] 

;jli]l Ai^l Jj^ (jäj EX-OR ü) 

A B A©B 

“Õ Õ Õ 

0 1 1 

1 0 1 

1 1 0 


[c'^) 13 ] 
.observed L^\jAhf ^ 5 -,^ 


[c'^) ] 

(> (jjj (jjä]l CjIj^ LjLoLa. ^Jc. chl-squarc jl^\ Sj^ 

.l^Jc. J(j^jjLallj AjjIa'\ 1 Ü:J^_S j-41 aIac. jfl) 


[C^)15 ] 

.;p Jj'Aa. ^ c 5 j^ c 5 ^' chi-square.pdf i3 >d' ‘-äldl Jjj,j>J lJLLI] 
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J 10 Ü_S^ LaAjc. ^j-a aJjoiLoi ^jj] 4.ilJaj]) ^AÜoii -5 

.jlj^l jj^ c_i^l ^ t>j a=l J c=l 


J lYl^J LaAjc. aJjoAjoi ^jj] 4.ilJaj]) ^AÜoii 

.jlj£j]l jjji c_ix^l ^ t>j a-Z J c =5 


J 171—36 Ü_S^ LaAjc. (j-a aJjoAjoi ^jj] ^AÜoii -7 

.(_läl£]l jj^l cüi. Jä i jlj^l jj^ ^ 0=3 J c =5 


(l2=n Ü_S^ LaAjc. ^JjaiLoi ^jj] A^LslII AjäjUaj]! -§ 

. jlj£j]l JJ^ ^ ijA ilLlj t c=A J a\=3 J <22—5 J 


LaAjc- j^yi Ajjailui ^jÜ] A^LatJI Aj^jUaj]! ^A^JLail -9 

.^1 j]l 


^jj£j LaAjc. _jjai*Jl (j>j aJjoJjoi ^jj] jj]l Aij^)la ^AÜoil “10 

.j'j^' JJ^ 6^ ‘ <2 i=3 j <22=5 J <23=7 
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^Lula 


(_jjJäj (_3Šj AjjI^ jJJ «.l^)^lj -4 

^l-ikioib ^Ij ^ Excel JJ ^'.licLailj Histogram Ji ^ji ^ 

.Chi-test J Run test 


(_jjjäj (jšj ajjI_s^ '?• 'J. ^“5 

^l-iäJLailj QA ^Ij ^ Excel JJ Histogram J1 ^j' ^ t^jJ^' 

.Chi-test J Run test 


lLiIIj]! (jšj AjjIA jl_s^ *'^J?'!^ -h 

^I.ijcLüIj .i£lj ^ Excel JJ ^i-iieLailj Histogram J1 ^j' ^ t^jj'^' 

.Chi-test J Run test 


^Ijll (_jjjSj (jŠj AjjI. il.ic.'^! 4}1 _S^ ' ?■ 'J.' ‘- . “7 

^l.iJCLailj tj.a .i£lj ^ Excel JJ Histogram J1 ^j> ^ t^jj'^' 

.Chi-test J Run test 


(_jjixjl.iJl (jŠj AjjI_jAsl 11 .il.ic.'^! ajI_s^ j^!-^ ' ?• 'J■ ^“8 

^l.iJCLailj tj-a .i£lj ^ Excel JJ Histogram Ji ^jl ^ t(_3j'^' 

.Chi-test J Run test 


(_jj.iLjai]l Jaj^)jÜl (jäj 'CjJ^.il.ic.'^! AjI'?• 'J. ^“9 

^l.iä:Lailj .i£lj ^ Excel jj Histogram Ji ^ji ^ t(3j'^' 

.Chi-test J Run test 
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Generating Stochastic Varieties 

.1 

o.^,W<a\l ^l^VI (3 jLuJ 1 ljjJa^)xILuj| ^ O 

.random numbers ^ j 

õAW^ jl-ic-VI c3^)^ (_>^^‘^ ‘Üä o 

.stochastic variates J random variates cr^ 

s SS S 5 « 

.il.iC.VI l.agi.Q l^j.i õ.i.i*v.all A^l^^jixll .il.icVl lall c"O 

/õ.i,W.Q Jjidi 


The inverse transform method Jjjaõil ^jla .2 

(JLai^Vl ^lii^l jSat.a ^ _'' ..'*»■ (j_jSj Laiic- Ja^ 4i^jja]l oiA ^AÜoü q 

.AjLajtJI A^U]! 

Probability ^lüS IgJ ■õiAa..a ^1 ^ic. ilic.1 iJ jh ^.ic.^ Lül (jiajüj] o 

^^Lila.Vl ^lii^l ^Ijj o' (J^j^j J[x) Density Function (pdf) 

1 J 0 Jl^l (>Aa j^x) c 5 j^ä Cumulative density function 

r ^pl jjic- iJji Vjl ^jäj O 

F(x) = r 

'(^\ F ^ L il. ...N, *1 X iA(Jl U *1 ^ o 

x=F ’(r) 
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a Cy^ ^Ij.u43ÜI jIj&V) .3 

_j2õxJI ^^_^jai£9tJ) (_]j_^^Jl]l Aij^)]a i _Š ^xj> a^}^l sÄA 

J <alü^ aJLuI^I ^Ij£ ^jjj ^1 jj J)'^y •" 


.uniform distribution ^ jjj (> • 
.exponential distribution ^ jjj • 

.Erlang distribution ji' ^ jjj • 

.Normal distribution • 
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f(x) A 
l/{b-a) 


|^2yl»Jlj jüšuj-a]! ^ jjÜi] VI ^jlii^l (j) O 


/w = 


1 

“ b-a 
0 


a<x<b 

otherwise 


-► 

0 a b ^ 


^l-lkljoib F(x) ^Ij ^ ^jij q 

F(x)= [—^—dt = —^—{dt = ——— 

^ b — a b — a^ b — a 

a a 

variance j^'^'j ^ ji^') expectation ^ü) o 


b 



a 



b + a 
2 


Var(x)={(x-E(x)fF(x)dx=^^—^ 

J 19 


F{x) o 

r = F(x) = ——— ^ x = a + (b-a)r 

b-a 


39 






















|^2yl»Jlj ^ jjüil VI ^jlii^l (j) o 



^l.läJLailj F(x^ ^Ij ‘- _ '' ^jij o 

X X 

F(x) = j f(t)dt = j ae-^ddt = 1 - e'” 

0 0 

variance ‘-š' j^'^1 j expectation ^üj o 


E{x) = ^aet ‘'ddtdt 
0 


1 

a 


Var{x) = °j{t — E(x))^e '^‘tdtdt=—. 


;(_Pc. ' F(pd) c>“'■.'' o 

r = F(x) = l-e-^ ^ l-r = e"“ 

X = -—log(l - r) = -£'(x)log(l - r) 


a 


r = e 


;Xaj 1 J 0 Ü:“ ^Jälia F{x) ü' O 


X = —^logr 
a 
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Erlang ^Vjj) ^ 3.3 


^ jjJ ^Ij C5^^-S -n Jjijl jjgiaJi 'išKl ^ /'\1 ^sJäj ■« ^ ^AÜoü o 

.Sl£UJl ^Lkj ^1 j]l ^U]l l^j JUi^'^1 

A^l ^1 jj ^ j-"-^ ■" (_jJj (_5 jLujj ^ jjÜj dl'^ jsJLa dllj^ d'^l:aJl ' -"'j; q 

,LAjalLaÜ ^IjJ 

0jU] 1 ^jjj]l ^Ij (jli ^Ij Ajjai*^! ^1 jj]l oÄä mcän üj^ LaAjc. o 

.Erlang ij'^j:jj tjjjJ C5^j c^j^j 



aJ (_^-uji ^ jjj h C5^ (_jc. _jÄ /'‘i-s.VI 4.älj^i ^Ij ü) o 

. 1/(2 ^J\ j^j mean 

^jiall 4^1 jlj^ (jt Sjbfr variance ‘-šljdi'^1 j expectation ^jiall 4^1 lil o 

\i^\ S^yj (_5jLÄ-a]l L_äl^)^'^lj 


E{x) = — 
a 


Var(x) = —r 


a 


^ ■" ^ _ '1 lilli J ^li (j^ ^-1 _jilaAll ^^1 _jdill .idJl i ^ '1 ^aJJ Q 

icSl (^1 5jjjJ k-^ 


X 


k ^ k 1 r ^ ^ 

= Ž^' =--Xlog,; =-- log^;^.' 


i=l 




a 1^ 


!=1 
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Ptobflbilliy Density 




^Ij dlli ^1 jjic- ^jj] q 

[c^) 2 ] 

' 1 1 J 0 /' ^ _ if2 pUiT'/' jj^ ^ji iii Q 


E(r,) 


a + b _l 
2 ~ 2 


Var(r^) 


{b-aY _ 1 

12 ~12 
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!(.5^ Ü‘ ‘ 2 ] q 

X--, = wd.^) 

^ 2 Vi2 


^Jjk^aj tjüälLa]l ^ 3^^ N ^ 

Y^r-kH 


^/^/^2 


X-jU 


Nm) 


12 / 
X = (7^ — 


Nm) 

:ü'^ C5*:J^ ü' 

H _ Yj^i-k/2 


E^- 


2 


k/^Il2 


+ M 


o 


:t5' 


. [c^l 4 ] ‘ [c^l 3 ] 


AjiIaälLall ^LaÕ^V) .4 

'/sAA-s. /' A^l^^>11^» 11 3jj^‘'l' Aij^)]a pA-š.*'..'' (_š ^jüi 

.geometric distribution ^ jjj (> • 

.binomial distribution ^ jj^ 6^ • 

•poisson distribution ^ jj^ • 
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jJiäü) j|jcVI Jjijj. 1.4 

ji (_J*^ _S^ ^ '(^‘'•^j'''' t-JjLij]! 4£. ■« (j>J ^JjalLal Ijj^ õ^4 o 

ü) .p+Cl=\ J C5^ q -^ '-2=^' JLaJik'^ J p _J JLal^'^ O 

^ jjJ ' (;» /'J f.l li-^Vl ^liii] jji*Jl (JjiJLa]l 

;^!^b ^ jjüi] o) O 

p{n) = pq'', n = 0,1,2,3,.... 

F(n) ü' c5' 

n 

F{n) = Y_,Pq\ n=0,l,2,3,... 

s=0 

:ü43!^Ij o 4^ variance ‘-š'j expectation ^ü) o 

£W = - 


Var(x)= — 


\^JiC. J>.r-|^ 1 Fiji) CjLuI^ Q 


.9—0 9 — 0 J- 


F(n) = l- ^l-F{n) = q^ 


p=^-q ü' '^j 


r= logr = (n + l)log^=> «=-1 

log^ 

1 J Oõij {l-F{n))lq J <-{l-F{n))lq=q^ ü' jW^Wj o 
« logr 


r— q ^ n — 


\ogq 
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jIjcVI .2.4 

ji (_J*^ _s^ '(^‘'•^j*'*' t-jjLij]! 4£. ■« (j>j aJjoiLoi Uj^ õ ^4 o 

.p+q=\ J S^J^' C5^ q LLiJl JLal^'^j j p _J JLal^'^ o 

(J_j^JLa]li 14 l 1 i'^L^ jj^Jä (J_j^JLa jA ^ (J^jl 

^ jjJ \ jjgiaJi 

;^:^b ^ jjüi] AÄm\ o) o 


p(k) 


ykj 




= 0 , 1 , 2 , 3 ,.... 


:ü43!^Ij o 4^ variance ‘-š' j expectation ^ü) o 
E(x )= np 
Var(x) = npq 

^ ^ kQ =0 ü*^ ^j n 4Jj1La]1 X Jj^JLall o 

i- _ kl (Jj 


k: = 


Vi +1 if^<P 


k,-i ifr,>p 


^Jjj ^Ij ^ ^Ij^l jIjcVI Jjijj .3.4 

Clll^),a lil t(j>j^l (j>j „ ‘õ^jjS JliLi. j_j^Jä]l Lljl^),a Jajoijia ^ ^ji O 

• ^Ij] 1 jjjujjjj ^jjj] ^11 /'•'^Vl 4ilj£ll ^Ij jj^j^l 0^1 J Sjjä jjg lill 

p{n) = e \X'!n\), n = 0 , 1 , 2 , 3 ,.... 

[C^l 5 ] 

^jIj ^ (jjuüJjj ^ jji ^^Lali.1 ^ jjJ jjoiC. ^Jj] 4 ju1j] 1 4i^4a]l jjl O 

^ AjLaj SjjS (jAjJa J/^ '^Jtäjia jjgiC- dl'^ j^JLa 

; (jjj^l oA^l J (jjjjJa dl'^ j^di]l 

Jj +1 

Yjti < i< 


!=1 


i=l 
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oÄA H _Šj^)x-a ^^Lai^l ^ jjJ _j<a]l AjjI( jL^*^! ^j-a ^yii^ Q 

(3jUa<a ^ jjJ ^Lai^l ^1 jJ ^1 jjic- ^1^1 ^jJ ol^La^l ^Uäj jjM ^ ^LaJl 

^ \\ rõW 

^jjj dlli A^l_jji*Jl ^_5^ (jjjaj^)Ja (_)^^)3iluij L_Š jjüi ^sjoiä]! lilA o 

^AjüaiLa jl o^)<aijaui 4jLai^l ^1 jj ^ya tiUij 


AjJaVull ^LaÕ^V) ^ jIj&VI ^jj 1.5 


J djLa_ji*-a jj>» t_lxaaJ p^ p(X=i)=P J iX (^' 3^' J jaJjl UjA] Q 

;^ll]l ÕAc-lill jjiJl AA*J1 aJjj Ajl 

.3 C5^j c 5 j'-^ X ^ji' (jli lil pi J p 3 0 “ ^ r '-y-^ Õ^ O 

[C^l 6 ] 




Pi 

Pi 


X 
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; JIILq 


L Q-N...^\i ^i.iC'1 JlLaj X IjJ-li cJ^:^ O 

^ 



4^ Vi 


^liiXll 

^LujVl 

^."/'-Š.ll 

X 

1 

2 

3 

4 

5 

f(x) 

0.20 

0.20 

0.30 

0.15 

0.15 


: [c'^) 7 ] (_5jljaü ^jjj]l ^Ij (jli lil O 


X 

1 

2 

3 

4 

5 

f(x) 

0.20 

0.40 

0.70 

0.85 

1.0 


^ -"Il (JL^-a]! ^l-g-j (^jJl (_5 jLuij (_3^Lui] 1 ^jjj]l (^iilj r jji*Jl ^.i*Jl üj o 

La£ 


If 0.85<r< 1.00 then x=5 • 
If 0.70<r<0.85 thenx=4 • 
If 0.40<r<0.70 then x=3 • 
If 0.20<r<0.40 then x=2 • 
Otherwisex=I • 
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d Aail J|J£'VI >14.9^ 2.5 

Histogram f'j& juujgl b j:J^' c5^'j ‘X Uj^ o 



J J i^yJoji Ji(^Xi^ (J-^JJ J ?• 1 . x^ «Üalill (JiLaJ 


[^^Ljajj V j ^ jjÜ]l C5^ tJ^AiLoJl ^IaÜjoiIj 

(_ 3 äj (j^ (_ 3 ^ljai]l ^jjü]l ^Ij (jj .b^LuiaJ ^jj^l ^Ij (jj LLiaj^l 





o 
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f'-^=>^'^j/(jCrl)<r</(xO ü' J^J ‘T ü^' '-y-^ õ^ o 

^l-iklaib X (^'Jü'^ ‘linear interpolation 

r-f(x,_i) 


x = x,_i+(x,-x,_i) 


/(x,)-/(x,_i) 

.J ?• ^ /'1a»\ 1 A^i^l C 
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Rejection methods 6 

tilli J j\x^ S-1 _jila<a ^ jjJ X (J ^ jJ 4i^>la ^IaÜjoiI 

;^lill CjI jloiJl ^Uib 

.a<x<b Cy^ j j >. o^ <a x J j^'i <a l i ■ 

4.xj^ Ü*^ C (J-alsi-a (jl Cai^ j\^ ^ ■ 

cf{x)<\, .a<x<b 

r >‘X=a+(b-a)r üj^ r cr^ x Jj^^' ■ 

.(r2‘ri) jjoäII (j-a ji ^jäj ■ 

x=ci+(b-ci)ri ^-iljt-all ^l-iiJLailj 4^1 jjoäII ^Ijjl ^jij tilli pj ■ 

^^'-5 r2<c/(^a+(b-a)ri) (jšljj jIjü-W ^jäjj 

.cj^-Till (j^n^all ^ '/'Il 
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f{x)=2x, ^ X (j^j^' ^.iklail 

0<x<l 

:J=J1 

.C=0.5 c5' cf(x)<\, .0<X<1 C ^4^ jLjÜ-' ^ 

^x=ri J* •>'J Fi ^ji ^jlj .T 

r2 r2<c’/(ri)=0.5(2ri)=ri :u^ r2 T 

^2 o^jJaiA] l^_jJa3^ '^j_S 


_laiA]l 


:2 

dlli 0^1^ A^Luixj ^ (_jiaä^l 4i^)ja ^AÜoil 

:lM' 

,/^2J ^1 *2 

(c5^ ji) r2 cM '\' /(ri)= \li~^ ^ ^2</’(n) :ü^ '\' 3 

^2 o jJ-i-šll '^jj r2 -S Tj 2_?^ 

total number of acceptable pairs 


area 


total number of generated pairs 


[C^l 8 ] 
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Monte Carlo Method 7 

^jJ (_5-5 c- _j<a Aij^)ia ^_'*'»*' Q 

4^1 jjoiäJI 

jl 0jl!li]l (j_j^ LaAjc. Lal^üoil (j-a AŽj^jja ^Q 

oÄä ^jj (JLi. ^ ^.Ikiaü 

(_jc. La (_J<al^ ^--a^ ^ _'' ^ (_)ia3^1 ASJ^jja (jl ASjLai]! ‘õjäa]l Q 

Aij^)]a]l sLa ,(_}/al£j]| ^ Jallill (JLaJ^I ^ ^'' 

_Ljaji j]jl£^^ ClllajfLj 

4. aV'A /' Aaj^jJa ~1 aA‘uh1 ' L ^ '1 .n-s, Ljaji _j<a ^IaÜuiI Q 

;^LiH t^LoLi. ^jj Uji 


i 

^ = I f(x)dx 


ä jl^ = li) tl J 0 ÕJJ .I^y t tji (jiajjülj O 

:lij Q ^ jIj AiŽluLa 4^1 jjic. dl'^ jaJLa (jc- 


1 


/=-S/, 


n 


/=! 


.^1 ^i^bu ^ jj 


:c5^j c5j'-^ ‘—äi ^jj tjj o 


2 

5 = 


n 


\±(f N 

i=i 


(J_j^JLa]l ^Ljj I^Q^ Jj ^ _jji*Jl (J_j^JLa]l ^LsJl 4jLiJl Ljj^ Ü^ O 


E(f(x)) = J/ (x)g (x)i/x 


(jli pLi''*'/' ^Lj ji ^ (jl ^X (J^liiSJl ^Lj g(x^ o 

^(x)=l 


1 

E(f(x))=lf(x)dx 


:ü' ci' 


E(f (x)) = f 
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[c^) 1 ] 

C5^®-“y (T —1 J //^O ÜJ^ LaAjc- 

1 

f(x) = —j^=e ^ , — oo<x<+oo 

y/lTT 


[c^l 2 ] 

' C, J (Jšiouj ^1 jjic. (J_j^JLa Xfi^ .... ‘JC2 ‘.^1 C5^ A-aiu 

'•t '\' Var(x)=<72 i-šij=>ji J E(xi)=iu 5jjjj V 

=x,+x^+... + x^ 

l.^al£ ^ ^ jjJJ ^jjiC- (JL^^jŽj _jÄ 

(_5jljaü 0 jU]1 j jiJLai] L_šlj^'^l J 2^jj]l (jli IaAjc. .72 Cli.il j 

E(Y,Xi) = n/l 
Var(^x-) = n(7^ 

[C^l 3 ] 

(JLal^l 4jlj£ ^ jjJ '/šAA^ /' jjiJl AjjI_ jji*Jl lllc.'^l iJjj] ^AÜLoü ^llji-a]l oÄä 

[c^l 4 ] 

Ig^lcilLoil (j^-aj A-<a^ (Jä^ (j^ -^J -^J aJc]! (jj^ (^5^^ (jj^ Ü^ *■. ]{, (jj 

.k=\2 


[C^l 5 ] 

(J^jHj ^^Lal^l ^jjJ ^lli (_3Jj (_5jLuLi ^L^l dlljjä (J^lljj ^_^1 Ajiajll SiaU]! (jl 4jäi.jLa (j^-aj 

^ 1/^ (_JjLjaü Jajoijia]! ‘Ca^ jjl j (_3-“il 
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[c'^) 6 ] 

x=i ü'^ pi.\<r<pi 


[C^l 7 ] 


;^:^1 (j>j AjIc. (J^ 


F(x,)= 'Zfix,) 

\<k<n 


[C^l 8 ] 

Sj^ ^ dlli c(b-ü.^ jjiaJl ^jJ Ai^jja (jj 
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(JjLuLO 


SjjSAa]! ^jj] ^jjjqba]! AäIj 4jIj^ ^ -11 

_(Jx<aa]l ÜA 


IÄä ‘õj_j£A<a]l (_3^>]a]l ^IaÜoiIj '^ ’'''->■ ■" jljÜilj ^ -12 

.J:^! 


^Lki Sl£l^ JjS/1 J.^1 ^ /'j/'.^*'' dbaä (_5^l ~A-N.‘wni -13 

yjjjj ^gjgiC- (J(JaäJI (j>»j J (j-aj jj 

.0jllill ^jalj 'AKl ->. /'\1 iäj ^11 /''Kl 
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Simulation Design 


^jLa .1 


^lij ^.'^•v‘‘uj,i‘i (—I^Ij (_pa^^Jt!Ljdj <• Üä q 

öo^lJ J tevent-advance cs^ j'^' o 

J öl£U^l j^ ^ J cunit-time advance t>j^' 

• 0^3^^ t—L^l.tj,!^ A^^)ia (jlaiü.Ii 


C> 


activities based ^iaAjVI o^\ ^ ^üll ^jUl 


o 


Event-advance design ^jL .2 

I^^Ljajj 1 j ^ jjatTi lLiIa^VI ls ^ oilA A-aJ*J q 

Jjijj SJ>J (J£ status 3 C 5 ^ A-aiu oÄA qm A^LoiSft “O 

I^^Uiajj 2 ] .ÜJ*^lii ^Uäj]l C 5 ^ La LjA^ 

^LoJl aIac. jJjoü LLi^ t^Uäj]! (_ji LjA^ (J£J clock ^Loi aIac. ^IaÜoiI ^ liUÄ (jjiaJi] o 

^1j] 1 LjAaJl JJ^ AAŠj 

• (/■ La LjA^ '~'jäV' Qji Aje. (_j£La^l ^Uäj O 

t(_Jj£Laba]lj lAj_j^Jä 'j 1 

[^'■^.'3 ] ^j'^' (>»jiU^ LjI oÄA ^jSj 2 

.liaj (Ja^l Lja^L Ia^ ^ 3 
jj^ j c^j^j 6^j c3j Master clock cs^3' 4 

(/2 !^LLa) cjjŠ^l AjA^I diA^l 

^ 1a£a J t_Jj3^1 LjA^I (_jJj AjLajJl j1j£1j ^jL ^ 5 

yna 1] [c^)4 ] 
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tillil [Jlla 1 ] primary events j^' jj^ o 

. [J^ 2 ] conditional events ^ 

|dlA^I tili-š. /'\1 Q 



[C^l 5 ] 
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Future event list .3 

'-6-i'j Future event list ^^li lJj*j o 

•{t c^O i—äjjoi 

^ jlij l_Š_jjal 4 Q 

.Time of occurrence ajš Lij.iaj jll o 
• [c'^.' 6 ] Type of event o 

[Jll«3 ] 


(ji (_5^1 4_LlLjaüJl dlLlLaaJl .i.ic. (Jlsj i-"'J^ AjLŽioiA]! 4 ^jl <■ _ q 

• (jl 4-1^ ^jc. /'\1 

.cj.laJl 4»j'l-i cj.laJl (j-aj (j^ (jl 4-^ O 

dllA^Sflj 4 .-N.\1 CllLa_jLi-a]l ^jouj O 

(_]j.i*j j\ ^ ^ 4.-ajll]l 4jLjJaj (j-a q 

• 4jija!LaiA]l l1j1a^'^ 1 4.-ajl3 (jjiaAÜuixj (jjlaj^)la 4.-a.ilä]l ‘õ^)aä]l ij^ O 

.Sequential array method • 

Linked lists method kkj Ijlali y \• 
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Sequential array method 1.3 

^^^lulLoÜ dljA^ dlläjl AjLalLau]l ^ Q 

^J-a (jc. ^>J*J i (J^ lilli (jjlaill 4 i^>la (J^-uil (jj Q 

dljA^ Ü^ j ^ “'ä' ^ ' -«j' jO. ^/'ll 

^AÜjoiJ ja.^/'ll ^iAÜjoilj dlLa_jLi-all (jj^^ü Ai^jla (^^Ic- '^llLa (j^ ‘O 

^_ja 11 cj-laJl (j-ajj CLi l}j^^ tllj.laJl jj-aj (jJ^^Jil ^ jq >. o <a l l JjSfl ^ 3 -all 

.l.i£Aj CL 2 lsJ^j C^'^' 


CL\ 


CL 2 


CU 


CL„ 


4ija.^/'\l ^Aj.laj (jj^jla (jc- ^j£ >uj ^ Alij^ (jS-a-all Aj.laj ü) O 

;4jlUli ^JaJjaiJ Aj<ajjl^I aÜjoiIj (illi ^aJJ .(j-a j (Jäi (. 5 ^ lSj"''^'' 

num =1 
time = A(l) 
for i = 1 to n then 
if time > A(i) then 
time = A(i) 
num = i 


(Jal lsJ^ c 5 ^'j (^i^i ^ 3 -a ijJ^ *—šnum Jj^'l<ali (jli ^^Ulljj 

.õ^j 


4.xj^ SK ^ tijl^'^1 L aA^*' 4i^Jall oiA jjl Ai^jiuill O 

>.’~1.wll jIjÜ.1 ^ -"Ja' .išixili ^.j -nl' (j-a^Ü 

A(y) (j-a^ii J '''"' (j 'jh* (jc. 4.-(ijlall i^\j tijA^ ^Ljaj i-kiaji (^^>^i .IŠIaII 

tjj^ 4 ji L_äi^ ji 4 iLjaj Aje. lillij Igiljg >MJ Ai^Jall oiA j;l-aJJ q 
ti-1^ t^^lill lijAiJl (jc. düJl ^^Isill lAAji*J A^jAj (j-a£j l^jLuixj ^1 (j<a (jj q 


AAc. (j_j^ LaAjc. ^)^i St4jja.^/'ll ^jj^^ajc ^) 3 u^i (jC tlla-Jl (_^j lilli 

.^Jajl^pAll lillil ^ja.^/'ll ^(f-- 
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Linked lists method ^jla 2.3 


^ aV'-š. ^ Ljjl^'iiC- dlLa_jLi-a]l LS^ 'Üajl^)!La]l _jä]l A<alKJ 

JÜ:PC5^ aSäxW ij jlaJ HOdCS t5^J ■õj^lill 

S.iä*Jl ^(pointer ^Ij-dl CllLajLi-a]l 


o 





an 


0 


diLap ‘ ‘''°; 


[C^) 7 ] 

f' ^'^" *‘ '.] j Clock t>» j5' Jj*^' 





; (JliLa 


(j^LjJa «eijl^'iiC- Aij^)IaJ 1 Of--l . ^läji ■« c_lJJ^ c_IC.^ Liji O 

.T ^ ^ik^axj 

^(JjoiLoü (ji (JjUl (jjjäj Igi P ^J ^liaJ l_ij(š 

(jl I_^\ P(J)=7 _lj^LuiaJ ^^ p ^ (j^ ‘•. 

.T ^LuJl ^^ ^aS^l 


4 A 1-1 < 

AlC- f 

(2) ü^läll -iai-iJall 


4 ^ A 1-1 1 


.lIC- 


4 A 1-1 ^ 

^4) -lai-iJall 


4 CL A 1-1 1 

AlC- 

^ -lai-iJall 



l&Ak:'j C5^ Jax.jJn]l 
4^Ui!l ö^^^äül 


60 





















































































o 


(j-a i_jl AjLaC- (jj 

(T(5), P(5)) Jj' (_k»^ '^j' (»j^ ‘ 10 fäj^' jj '-üi (J^jüäjl 

.(T(3), P(3)) ^ij- Jj jMä 


o 


Jj P(l) ^ij^l ^ ;(T(1), P(l)) Jijj]' ^ij- J^ J^ P(3) ^ij^' O 
J P(l) jJl 2^ J lJšLi=j Jil.(T(7), P(7)) Jljji' 

.P(8) 
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o 


^j<a '^jl ^jij 5iLjaj ^ CJC-^ Lijl 

^ (j-a ^y■";'^ t5^ 

(T(3), <Lij]l ^jA j^ (T(5), P(5)) Jj' l>=»^ o 

P(l) ^ij-i' jP:ä ^ ‘(T(l), P(l)) "^1:1^' 2^J- ^ J^ P(3) j-^' .P(3)) 

.10 ^jJa^]! ^ ■"J'*" ^j 

^j\ a.Vqaeli ^jJajj (AIjLoi]) o.^qaell Ja^ä ^ ^Q a.Vqaeli t- a q 

_l^.ajaLa ^ jl a.i ^ ^yc. l^l£ 10 'õ'V^»" i—ä jjoi IaAjc. iP(l)=4 ^‘ P(l)=7 
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Implementation of Linked lists ^1 jSi) jAaj 3.3 

(■"iljl/ac. (jl -"j; «Üajlja]l ü) O 

,.^C- (j^ajJa dlLa* 

_lA^)j.j^<a oSäC. (J_j]l ■ 

i /'A-š.‘un/' 'š.^^ L_ŠÄ^ jl 'š.^^ (3^ ' 

Clljl£ lil (j^j tAiLoJl ClLjLaaJl (jl (j^-aj dlLajLu 4j^^l dlljü (jjlij q 

_l^aa^‘' 4^ 0^1^ pJ■« ■ 4jli "aj ^jlxi ^-'1 /'jl»‘'ll ai^ 

(j-a (_^ (j£-aJj tdlLa_jLi-a]l jjjj^j] 4.jjail-La]l 4i^)Ja]lj 1 ■ -^jl 3 p-"‘^-"ll O 

(_jJl ^1-i^ ^^1 ^ /'Il (jli di^ (J£J ^jLuxj l-jj-^ dijl£ liii tdilijäjuixa ^l-ikioil (jl^^l 

Ln\Q /'Il ^Uäj fl (^jil 'üi LjjJajjSl lil J (J£J ]i+\ (J jiaJ ^ jäjuixa 

.k+\ Jj^ n C 5 ^) õJj^' lM 

jjais jjla^ (j<a t- all‘n odC- (J£ jjl ' L_Š_jjai ^4jajljia]l ^l^jŽ]! (jja^j] O 

[^Ljajj 8 j Link ^j^l ■koA ,jjjiJi] (^l^lj ‘Data jiä] 

; Laä J (jj^^iJi]! f,LiJaaj (j^ Üi?’ 'J. p i—äjjoi o 

^ ^^^^1 AjC' A J-a jl^)!La]l 4 .ajÜ] 1 ^^1 *AAa*ll l t" 

^Ldš Jl (^1 ;^11L'^1 ^U]l Jl X culi s^l ^ c5^'j Ret(x:) ■ 


[c'^) 9 ] 
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.Create linked lists ji» ^IjS ^jjlji. .A 


.Deleting of a node ‘-ä^ .B 

.Inserting of a new node ^Ljaj .C 

Managing the storage õj ^ jjlji». .D 


4jaji^)!La jä «.Lijj jji— A 

t 4 J 1 ^jLaS^l ^_j^-a AJajl^)!La A-ajlä kJlÜ]l Aaxj jjl j^l O 

_^Ij] 1 (jalami ^ja]1 j j S.iäc. JjV j*j j^ll (_^j F J jiJLdl JJ - J till 

Procedure Create (F) 


call Getnode(F) 

Data(F)=l, 

caW Getnodeil) 

Link(F)=I 

Data(I)=4 

Link(I)=0 


End Create 


ÕJiäc. A^jjl_ B 


^ Ajjfdl AJajljldl AajÜ]! j-a 10 A>^1 (Jjiij adšc. a J ^lj]l A^ jjljiJl ^jŽj 

jj^Jlxdl jl jLjjc-Ljj tA^dlä]! ‘õA^lj Sj-a j^Jäj 10 A^udl jl jiajÜij AajLui]! Sjadl 

Aajäll (_Pc. ^5jlad ^^Jl S-ii»!] (jaia-dl ^j^l C=10 J 'ädšc- JjSf jjiüj-a]l JlaJ F 

.^jijÜl 

Procedure Delete (F,C) 


o 


If F=0 then error the list is empty 

I=J=F 

Do { 


If Data(I)=C Then { 
Link(J)=Link(I) 
Ret{l) 
exit 

} 

Else { 

J=+I 

1= Link(I) 

} 


End Delete 
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0^.1^ o.läc. 5jljJaj jji— (]^ 

p (J_j^JLa]l (jl jLjjc-Ljj A-a^l (_5’õ.iäc. 5jLja^ ^_jŽj Q 

^jli]l ^yA (_^ G <Jt‘õ.iŽc. (Jj*^ (_jLaJ 

Procedure Insert(¥,G) 


If F=0 then { 
Getnode{G) 
Data(G)=C 
Link(G)=0 
exit 

} 

If Data(F)>C then { 
Getnode{G) 
Data(G)=C 
Link(G)=F 
F=G 
exit 

} 

J=F 

I=Link(J) 


do { 

if Data(I)>C then { 
Getnode{G) 
Data(G)=C 
Link(G)=Link(I) 
Link(J)=X 
exit 

} 

else { 

J=I 

I=Link(I) 

} 

} 

End Insert 
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«Cajliii ^jÕ^‘'\ jjj^^iJi]! f-LjaS 4jlllll jjl^_ jŽj q 

(J^j^JLa]l (JiLaJj tA-ajlä]l l^lAiJLail (_)^jjLa]l ^.Ic. (J(JlLaJ 

_‘õ.iäc. (Jjl y 

Procedure Init(n) 

For i=0 to n-1 do { 

Liiik;(i)=i+1 

} 

Link(n)=0 

v=l 

End Init 


‘ü:äj^' «.LJaš jb gctuodeOO o 

Procedure Getnode(x) 

lfv=0 then error: no more nodes 
else { 
x=v 

v=Link(v) 

} 

End Getnode 

QA t- a ^jŽj i_j\ (.{jJaä jli S-iac. ^Lkiab R6t(j(^ Aj-ajjl^jŽj q 

A-ajll]l ^AÜoudl lA 

Procedure Reix) 

Eink(x)=v 

v=x 

Endi?e? 
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Double linked lists 4.3 

1^1 dlLa_jLi-a]l C5^ 'Üajljia]! .A^aJxj Q 

^ Õ^J t^Üajijlall jä]l (Jl:aJl jA La^ IlOdCS (J^j^ C5^ J <iiik>j 

.Ädl (j^ AjLaC. 

' (J£ (_jc. Lja_jC. (jj^)j.j^<a 4^11]! ^q 

,i aV'-^ ■" oL^I SjLoi!^ 



^Uäj p J■" ‘ Aje. ^ 1-1»*' l^Lj 4i^)Ja]l oÄA .a*'*' Q 


Unit time advanced 6^J^i S Ja.1 j .4 

AJLiIj 4 /'ja' MäSter Clock 4 4£.ljai]l õAljj (. 5 ^ cj^ ‘“J Aaäj q 

;^l:i]l CjljiaiJl ^ A^j .one unit time (>ji' sa^' j C 5 ^j c 5 j'^ 

.^j-a^l oA^lj jIaLoj oA^lj o^yal 44£.ljai]l a 1 jj (J£ . 1 

.future event clocks 4jLžlaiJl caIaj^-S/I jU jl jW^' .2 

Aijj La 4 jya‘'.n/'\l LljlA^'jfl (jLajl A^l 4 .Jjüii^^I 4£.Lai]l ^jLoü Aje- 3 

.(_jJj'jfl a jJršll (_jJj A jxj ^ (j-aj tiLlA^l 

.Llia -21 jtj^ 'õ^j*j (_ 5 jLau]l ^Ae Aje. .4 

(jjj j]l oA^l_jj 44£.Lai]l õaIj j 4 Ci^ O 


Time unit 


/ 



E„ t 

Master Clock 
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Master clock is 
increased by unit-time 



Yes 


_i_ 

An event has 
occurred 




Take appropriate 
action 



Schedule 
new event(j) 
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o 


(ji ‘ ^ (J^-^ 4j| Jaia^^l 

lilli (jjiaj tfuture event clocks ajLžl^I Lijl^'^1 Lijj^ cijlijl 

«.aJI (_1^ kl^l (j-aj ^Jj (j^-aJ l^lj^ ‘l3^-^ l }^"""' '^lajill Aj^Ull 

,<l.lx^ ^LaJC-l I _ lillil 

jj^Jä dläj ^j>j dlAiJl jl^)<aJjai'^ Ajixj^l Sjjšll (^^Ic- 'l»aJJtj kl.lx-all Aij^)lall Q 

dljA^ dläj (jc. Lja jC. kl*^! (j-aj) dlA^l 

;^^Ij 11£ ^‘ i'''^^; Aj-ajjl j^t (J.1*J klLiJl oiA Q 

,(j-ajll oA^lj jl.iLaJ oA^lj S^j-al Ajjoi^^l 4£.ljaill ^Ijj o^y) (J£ 

jl.iLaj tfuture event clocks ajLžIoiaII ilil^'^l iijliji (j-alijj ^ .2 

,(j-a^l oA^lj 

^j*j ^ (j-aj tiij-la-ll -lijj jix^l (_jJj AjLŽIuiaII iijl^'^1 dllijl ^1 (_ 5 jljaü Aje. .3 

.C5^J^^ SjiaiJl 

jlj£j ^aJJj (_ 5 ij'jfl õjlaiil A j*j ‘õljLoball ^Ac- Aje- _4 
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Selecting unit time .1.4 

(_j£-4<a]l ^jLj Ja^)ji]l (_3»^ ' ^jl 4 j 1^1 t 0^3^^ ‘õA^lj A.-a^ jIjÜ. 1 Ajc- Q 

lLiA^I lLijA^ Ü^j ÜJ^ LaAlc- SK^)\iLa3 (4.>a^l s.^ ^_^JaxJ ^1 ^-1^ ^-1 
dlAiJl ^)^Jäj L_Š ^xji IaAjc. LaSj "õA^lj CJJ^ ' -"'JJ t 




C^O Ü4^j 


Time unit 

/ 


ir^; 


i+l i+2 i+3 ž+4 /+5 

t t 

El E2 


i+n-l i+n 
^ Master Clock 


^AÜuij 4j£jaba]l oÄä Q 

(_5^1 (_]£ ^li»*' ‘õ^)J3Lx.a Ü^j oA^lj ^AÜutj ■ 

lliäj (_3^)üaiJ L_Š_jjai ^jl l—Š_Jjai oilÄ 

.tij-laJ! (jc. tilliJl 

^Uäj ^^ (J(Jäi t- ~a ■ ^oA^lj ^--a^ " 

.Sl£UJl 

«.^Ij !)\iLa 'ŠA^I^aVi-š. /' ^ aVi-š. /' 'AKI ^ /'\1 Ajä Vij ;4ji]lii]| ■ 

dl^'^1 ^J«a-N (ji (j-a (_3'a^‘41 ^ i.-n^ j 0jja^ a jJai. Igj^ljj ^ (j-«J Õjj» ^-«a^ 


i^4:ül Aijjlaj 04^1 J Aijjla .2.4 

(j-a (j-a Sl^La^l ^Uäj (jj^ LaAjc- (j-a^^l S^ljJ ^ O 

^J 4£.^)juiJ dlA^'^1 jlyÜ.1 oIä ^ ‘ .' lV® ^jlüail dlA^'^1 

(_5jLjaü ^ -"ja' ^1 '\1 \ ^ . >1. ' jjc. S^LlLa lÜiI a^ VI LaAjc. ^ (JjJaSLl t^j^lc- 

.(j>J^l oA^lj 

(j-a (Jjlä C5^ 'AKI^ /'\1 ^Uäj (_5jlaj LaAjc. ^.lil<i]l d.laJl 4i^)Ja ^l.lkluil ^ kad q 
2^_jia Ijäj A^lj L_ä_jjai pAa‘'/'\l (_j-a^l ^ji ^ ‘ (_jc- ’õ^LlLa]l dl^'^1 

.(_^llll d.laJl (jc. dii-Jl 
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Activity based simulation design iaUilll .5 

'AKl ^ /'\1 {.Liii activity ^Ij-a ol£l:a^l ^ oÄä A-aiu Q 

t-uik. complex Systems ‘õ-iäät-all sl^U^ oÄä ^.licLouj o 

,Ai^!)l!La]| ^ /'1 a'VI ^ 

Laj^ t j\ ^A-š. /'\1 ^Uäj (Jl!La]l (Jjfiai O 

MjUlll dlLjLajJl jl ^ tl .Tl 'V1 \c, /' ojLj^i a 1A'\1 1.1^ 

.(JLuCi]!) inter arriving ^j J(a 
being served (> ^jj^' (b 

.waiting for Services jLkii'^1 (c 

y tl .Tl 'V1 JaLij (J£ 4j1^j O 

.Iäj pA-š. JaLoij]! ^Uäj ~ J ■" ‘ .' ^(ji tjjl O 

: '-^l ‘single sever queuing 

j õj^y^ STi t>j ü' L>^j^ (a 

^ ÜJ^j^ õ^j ü' (J^J^ (b 

ATi-A > õj^jW j õJJ jd^V' t>j ü' L>^j^ (c 

s õ^j^' ^ ^ õ^j^' i ü' (J^J^ (d 

Sj+ST (>jll 


ST 



arrival arrival arrival arrival 

begin its ends its 

Service Service 
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lijüj lil if (jjjjii STi J WTi L>^ l)^ i—ä^)*j Lül o 

. i üj^j^ jUiilil 0 jjš J!lä. i+ 1 j^iij (a 

[c^l 10 ] 

. i üj^j^ <-!^ i+ 1 üj^j^' (b 

[C^l 11 ] 

. i ÜJ^J^ SjjŠ ^ J!lk /+ 1 ÕJJjll j^iiJ (c 

[C^l 12 ] 


;t_j^jj]l AiLoJl lijüii]! /+! jUälj'^1 diŽj ^jLol^ IaAjc. q 

,WT^^^=(WT^-AT^^,) + ST^ (a 
,WT^^^=(WT^+ST^)-AT^^, (b 
WT ^,,=0 (c 

Aj^LäJl ^a^l -il^l 1-g-i^J /+1 !■_ il >u^ ^jJaioü W7^; >•. ^1 -^jc- 

..1-^J i+2 C5^'^' 
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>1^1 Sl£l^ JJ^l JU]1 Cm o 
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Examples 6 

|LaA J 'Õj' Sl^La^l (_3^>2a C 5 ^ (jjA-aii-a (jJllLa ^^)j.lj L_Š‘õjaa]l oilÄ 

.Inventory system ■ 

.Round robin queue l $■ 


Inventory system cjU-jjIuaä jjä 1.5 

S 'a 1 . V1 äK\ l ‘ f-UaC-j dllc.^ jIiula] 1 ^Uäj i- ^ 

Aj-a^l «.l^)j.j t4j£>uj 4.äl£ (Jäi (_5-ij ji A^Lix^a 4_baiiA] 

^CJjoiLLdl dläj]l (^J (j-a 4 ^ 

A^Loii (J-al jC. tij^ÜL SjaI .^TaVl AŠKJI (_3i*jjj _g 


Ajjx-a AjixjJ SAa] j1ula] 1 oA^lj S^La Ail£ Ail£ ■ 

/'\1 (JLa]l (_jj)lj Ail£ i^-i<a (J-al_jC. \c. ^ äK\l 

.dlä^i ^-a ^ ^ ^ ‘^0*^ t aV^ Aäi^ ^i tAc-Lh-^j]! ^^läJ Aai^ t ^liLa 

t(_yij.^l lAclX l> 1J1 c i\l-i AŠl^ ^ i‘ia AŠl^l sÄA (_^i*jjj (Jj3tj.jj AŠl^ ■ 

.^lljyi 1^ ^LjaJl ^l.lkluil L_äKj 

^llj'^1 L_ŠäjJ ^ äK' ^i\iLa ^ äK\l oIä (_3ijt2j tAjJaj^)Ä-a]l ^LjaJl (j^'a'\l Ail£ ■ 

jl t(_).<aalj]l ^ILa aLjI^^I SjLatiJl ji tLa S^La (_j.saäj (JL^ 

.^U]l S^LaÜ JU ^ ^Uayi ^1 
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Aj-aS LS^ f-^1 Aje. . >1'\1 Aj<a£ (J-i^ Ij (JOi 0'^' .9 

oli if J f AdiaOll ’Õ0^^ ^ 'jll-i/'ll ^j<a]l Aj<a£ D j ^Uäj]l Sil 

t 0^3^^ ^LjaJl Aj<a£ 


I =r+s-D 


,4_k<a3lj]l aALa]| ^ _ '11-ij ^y,] $.ÜaC.j ‘- ^ Ij^Ajc- AA^.^ O J^, ^ ^-^'' LaAjc- 

0-aO 0 J ‘cj-a*-!! ("^ljl) ^ _ '11~* oi .10 

ol) ^jJoJl dile-AjiuLä (_jJl Ajj\l-./'\i Jj] f j^l c>®jll J Icad time j^j^l^l 

^_^1 O^ ^ ^‘■'•^J L_Š_^ ^^A^ UM.all ^^1 sALa]! cJ_J‘ dl3^ j sALa]! ^^'11** dl3^ O^u (_3^)^^ 

^LjaJl A.a^ (jl 0^ .cl^l ^1-6-^ t_jl2a]l oi 

;^^Ij] 1 (_]£jji]l (Õ^J ^AjAjoui]! 
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^jLoü J ^ji ^.iŽj Aij^)iaj Sl^Li^l ^Uäj ^AÜuij L_Š_jjai _ 

.C5‘'‘*^^^ (_]>i*Ji C5^_S W®_S:ä t_llla]l ^jl ^_S:J 

J ^Uü]l -N. A /' 4£, /' ^)jiü L_ Š _jjal 

.ROP ^ IaAjc. ^ 4jaij]l 

,(2 ^ 

.j 5/ «--^l ^LjaJl Aj<a£ 


Tc^lõ-j^' ■ 

;Ci ^Ij ^Ij õj>li] ^1 ■ 

.^J^' C5^ C 3 ‘C 2 

iP(J^ (_).<akj]lj t_jlla]lj (_j<a (J^ LJ_jlla<a]lj ^äK\l ■ 

j^' C5^ rCs ‘7'C2 

(_]£jj] 1 ^Uüi] ^aaA'^! JaJaä^l jjj .12 
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© 

▼ 
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Round robin queue 2.6 

^ \c- ■" f.1^1 <jailj^ ol^Li-a ^Uäj pJ ■" ‘ ' Ix^all ^Uäj l .13 

CPU LS^' ‘ ^ ' j tiSjl >uTi 



^jL (_5i) Thinking ^ <- 1 ^ ^.ikiuboll (ji .14 

ji ^ILsi-a]! ^AiJLoü ^ U®_S ■^*-^ cJ*-^ liLa ^jlajai Ulj^ 

.Entcr (_5lc. JasuJalLj ^jL LaAic. La j-al Aj^ÜJ 

(j^j^LaJ LJjLlLa ‘‘‘'J CPU p' ^ L>^_S ^'^alU ' ^AÜaball ^jl ^ 15 

^AiJLouii] i^^Li]! (_J£j^l 1^ Ua*Jl ojjAj ^jJa ya jA La£ 

_^)^1 ^yi\ (JLoijL (jl ^ILi-a]! 


Think CPU Think CPU Think 


Think CPU 
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‘Round robin CPU S-^j lU*j .16 

IAAjC-j C5-§^ (j^ C5^] ^ Õ^J C5^ 4.ajW‘ill .iili 

(j-a '(» /'A-š.‘'\ j_^j'^l Aj3^)]a]l .i_j*J 

‘Quantum cr^ ^jia 1^ 1 (>j CPU .17 

c^aj]l Ušjki] cJaäJI «.Igjj QA CPU ^ 1\1 

(J-a*Jl Äjšjj CPU “—cs^j (J-a*JI (JŽjj QuUUtUm 

.CPU A.^lji-a]l ‘ÕA^_j] UaaJl õjj-i (j-a AjjaiLoiSfi ’õ^)^a]l (_]£j.l]l (j^ .18 


Terminals 
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(j-aj (j-aj (j>j (J_j]ai ^J^a‘'\l Ü_S^ AjIaäJI ^LiJl .19 

ü' j^ .Imsec -ij-^ Quantum j õj^j 30 -^j-^ üj^ 

■õjj.i 5000 (J-ajJl IÄä ~'jäV' t lij (]^PU 4.^lji-a]l (j-a 5 SCC C 5 ^j ^ t_jlla 

^1. a.^\l 

i^MC. CPU '^Aä t^jjuia-a Cll'^^1 Sl^La-xj ^Uäj Sl^La-A]! ^Uäj <Jjaü ,20 

,ptFO U^J 2 ^‘“J ^ai I_a.^\l (J^Lj (J-alc- 

;(j;lLujLuji (, 5 !) ’õl^l.a-a]l ^Uäj ‘ ‘la*' ,21 

\i^jAajüÄ jiJaaSj t^lLsi-ai] jUäjj'^1 t- ~a.^ (J jA " 

JaiuJa]! Alc-^ Lljl^^)ia]l ^, '^ti ^jc, (J^aC- (J jj^j ,1 

t(!^ Enter C 5 ^ 

■Lffi^ <-^ l}j^j j' .ii 

(jjAjoiS U^jl ^ajaiäjj ,l_a. ^\1 ^ ■ 

t(._jj\l-i/'\l (2-11*11 AjäV' (j>i «-l^ljl Aje. 2_5'jfl .i 

,lia.'jf oijiu] Quantum (j --» >. ^-^ -a l l eij]! «.Igül ja .ii 
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plA-N.‘unl ' 1- ~a ■ ^ /' ^Üäj p ■ ^‘' (j^«a 1 .22 

CPU (> ^ 2j.i^ c5^ ajLŽLoia]! iijl.i^'^1 <Ajlä (_5jiaJj L_ä,23 

Quantum tSjU^j ^^tii .ijiii]! (j-aj (jl jLj^Ijj ‘■^ ~a.^\i ^j cji.ii.'^i Jj 

.^lü cM 

dlAiJl dlLa(j^ Li^ ’õ.iSC. (J£ jiij i_ä4.>ajll]i .24 

ji bLal£ Üj .iš oidiii (j'-^ «.Igjjl (_jjl!i]lj ‘Futurc cvcnt 

.(^li]l Jj Aj^U^j Jj 2;l:^j 

Jj (JÕ^j (J^ tj AjLŽ1ul<i]I A-ajli Jt^l (J£jai]l (j^j .25 



83 






.26 
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[c^) 1 ] 


^j^n^a]! ^ik^axj Jlla 2^1 J 


[c^l 2 ] 


^•;Ki ^ /'\i ^Uäj]l (_ji evcnts “'*' jl lil 


[C^) 3 ] 

(J£J clOCk ^l-J^l -il-^ <iauaLa]l ^l-lkioiLj liüij 


[C^l 4 ] 

^Uäj pJ ^cj.laJl dllj^ ^LaJC.*^! ^ tij-laJl kaj^>iaj Ai^Jall oIä lillil 

.Sl£UJl 


[Jli- 1 ] 

(J(Jj^l i-lais (tJ_S^^ j‘^°ll ^^Ij^ ^ik^axill iij'^^1 ^liL^l (JliLa ^ 

i^y^ t^l) '_Ix^all i^_ya kl^l ^ ^^lülj (^kl^l (_lla*j (.jl) i (_^1 kl^l 

.Primary events ^j'^' i-il-^'^'y ilil^'^l oia 


[Jli-2] 

klL^ lijj^ (^jJl -iä jUälj'^1 1 a-^ (_jJl lij'^^1 JJ^-^J li-l'^^1 (JUaC-i lijj^ j'j^ (j) 

(Jxjlc. (j_j^ LaAjc. lillij tSj) jl-lällj'^1 i iij'^^1 

,^lilx<al (_^1 4^LiJ l1i'^^ 1 (j-a (.5^^ idlC '^l^)!! ii-l3j (_^1 


[C^) 5 ] 

,4Jlill S^jaill AyLalui-all lLiIa^'^! 'Cajla ^^)j.lj L_äjjoi 
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[c'^) 6 ] 




-a]l i^\ ttillAiJl LaAjc. oiLijl 


(_Jxa]l (_jc. dlAiJl 4jijjJa 


[Jl^3 ] 

(JjSfi tJaŽä dl'^^1 (JULall ^ 

^'_Ik^l (j-a aJ^I (_Pa*j t- a-^ (J 

ilil^'^l tjli complex Systems ‘õ-iäät-a ^aLj'^ sl^U^ ^LLj ^j]l Ajt 

0,Vq»^ L_Šjjoi ^jc- dl^^l ^lÜlljj ^j■ ^j 

a^li£ ,A<aJ3tJ j ^A^Lul^I dlljLaxJI j^jA jj^AA (Jätj 

_dlLa _jLi-a]l oilA Ajä^j AjLŽiaiA]! A-ajll]l (.5^ '~-®C5^^ dlLa _jLi-a]l 


[c^) 7 ] 

^jj£j ^jl (j^-aJ t‘õ.iä»Jl ^ '^A /'\1 CllLa_jLi-a]l (JlLaJ ^jJxJ^j-aJ (JiLaj ‘õ.iŽc. (J£ ^ji 

^_j<a ^^lii]l (JiLaJ ' -"''JJ tdlli4£,/' ^jj£j ^ji tij.nj 1^ JdlLa_jLi-a]l oÄä 

^)jj.jj Laj^ o-iac. (Jji F ^)j.jyA]l ^ji _A-ajll]l A^lii]l ‘õ.iä*Jl ^ajoil ji A^lii]l ‘õ.ii*Jl 

,4jlj oSäC. jJ Aji (_5-5 c- (J-^ t-a-a Q A-a^l ^)jaiy<a]l 


[c^l 8 ] 

.Link(0 j' Data(0 i S-iä*!] ^jkJl ^ jljll 


[C^l 9 ] 

L_Š_jjal 
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[c^l 10 ] 



ith {i+\)th Uh ith 

arrival arrival arrival arrival 

begin its ends its 

Service Service 



üi Si üi+i Si+STi 



ith ith 

arrival arrival 

begin its 
Service 



{i+\)th ith 

arrival arrival 


ends its 
Service 





ith {i+\)th 
arrival arrival 
ends its 
Service 
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dl^jLa ^_jjai '.ui ^ /'\1 ^'A1 (_Jlk^aij]l -14 

.1—Š jx^DM ^, ~l-š .a l i ^Ükl -15 

,$.L1j 1^3 Af~-1 . ^Uäj -16 

dlljüalij Aje. dlljLjj ^Uäj -17 

oaI^ (_ji jUäljl -13 

_ dlli4jai^ - 19 


_Cllljljjai]l -20 

. jLLuj CjIjjLL ^jAxj -21 

Ajjouuj 4^Ua ^Uäj -22 


'jf duikJj liLLjal jjisl IjtjJalj 1A'\1 (J^ic. Ia^ j»3 ^ tAiLoJl 4jiLa'^l jj>j A^lj 

|(JL^ ^Üäjl] ^_^l3A!j]l Jaia^^l C-Jj£l ^ ,^Uäj]| (_l<aC. 


,cjA^I ^A^j ^Uäj - 1 


_Jal >Vlli ^Üäj -2 
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(JjLuLO 


(JILLoi ^ CIloS al£l.^^l (Jj.^xjj ^ -10 

,^l!ll]| (4jajl^)!La 4^11 (_aj ■ 


(JLaC. ^ Y i^jA (JLaC. (_3J^-j^l (JljjuJl -11 

?xjlli]l 


,2.6 I_a-^^' ^Uäj Sl^La.AJ ^jSj ''jäVij ^ -12 
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a I ct ^ f**tt cjLuäj 

Estimation Technology For Analyzing 
Endogenously Created Data 


\ V ^ $.L1j A^Lui]I (JLljJa^)x!Lail Ü'^'C5^ o 

La olSLi-a] tdlij 4 j^jC.^)<a]l AjjI ^xõc. ^jJ (Jj£^)<ajj «.LiJl (jl 

.'^1^1 


diL^ 




ji 0jLli]l A^AÜuia]! (j^niui (Jjk^as]! IÄä O 

oLä s ^Lja'^lj ‘Endogenously ^düll 


Collecting endogenously created data .2 

jljlk'^1 IÄä (jjiaJi] ‘jLÜ.'^! CüL La ^Uäj] f.Uj 4jl SlSLa^ ^Uäj jL^l (j^-aj Q 
^Üäj]| ^Lj^I .IxJ ^Üäj]l Lljl^)JxlLa 

(jc. LllLa_jLi-a (_5lc- LjAiJl dil(Jj^joLl (j^-aJ ILLoi <jaijjd]l pLill ^J _jjdL Q 

dii ^^)^1 dLa_jLi-a 4^1^)>a d*^!.^! ^j>j ^ Õ^J ^Üüll 

.endogenously ji*-dl oIä ‘ [Jli-a l ] ‘A^I 

d'^_^^JLa ~1 a-n.‘u.' 1 ^^liLaä ‘a.^.lx!La ^lA^duL ^"'1 •> jS. /'Il jl dLaO 

dL^ji^l JäiaJ d!^->>Mx> jl COUnterS dbl.l*£ 0 >jUjJ1 

[c^l 1 1 . [ 2 ] 

(JiLaJ (_5illj ‘AÜax^all Cj^'^ ^11 Ai^Vl jjJ ^Li A .a l l j l g ;j£-a-a]l dLaji*.>i]l ^ q 

(J^ild bÜLa^ Ajoijjdll (d^aJ! o^pä (J^ild ^^1 dla*j dl^)-a .i.ic. ^1x3 

i^y^aje. /2+1 (j-a ^_jix<a.a ^1 ^"'1 •> jS. /'Il ^Lid Lüli ^1 fi Lij.l] Ajl (_).ial^)j3Lj Q 

dIaa_Ll LaAjfc J ^ ^^1 dla*j dl^yj .i.ic. ^ja.^/'ll Q,(J,^ ^.^'»11 id_jjai d^ 

ol£l<>11 f-lgÜl Aje. .A^lj jlALaj Aljj djjoi ^ja.^/'ll ^ 1^ ^^1 ^^1 j.^'»ll jjli aJI dl 

'.Ls^l c^j^ä p(n) (^Ldk*)/! dlii^l 5 jjjill ^^jLi 

a(i) 


pii) = 


i =0,...,n 


.^1 si£d^i t>j rd 
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(_jc. LAN ^ «.1^1 Ajoilj^ O 

(_]£j.l]l La£ ^ a.1^ (J^ L_ŠljJaJ ^ $.1^1 ^jjjoi^Jllä 


Nocle i 


Node 2 


Node 3 


."^11 Dep 



j\lT 

Dep 

.\1T 

Dep 

X 

X 


X 

X 

X 

X 


X 

X 

X 



X 


X 



X 


X 



X 








üjAjj ‘õ-^l packet ^ jj^' J_?^j (>»j kšjax^iJl ^ja l}j^\ ojAä o 

(J_j]l (j-a j Ü:J3^ ’õ.ii*Jl Aj (JAl*3 ‘L ?• Ü^ j _j-aljdl 

(_]jlLa]l jjl^>j]l cJj?’ “'*' (»A Aaj^l ^ -^jc. J tAjO. ^/'\1 

^ Sjäjldl ClLajix-dl La aSäC. COngCStiOIl ^Li.^j'^! Ailj<a li) O 

[^^Ljajj 2 ] .1^1-3ja.^/'\l oLä 


Transient States & steady States SjjUüIj SjSluiAil ljVUII .3 

simulation 


^Uäj Ajoilj^j dlLa(j^-aJ AaLsdl ALiJl lA®:J O 

.transient States sjjLdl Ca^\^\ ji steady States sjSioJl cii'^laJl U 

«.Aj ‘- . t^ik^axj AJax-dl Cll'^^1 AAc- (JÜ ^jiÜj] q 

AJaa-dl Ci'^'^1 AAc. 2 j' ini tial condition ^l.ilj'^1 Jaj^>2i]l aja^ ■õl£La.>dl 

• [ 4 ] 3 ] ‘ AjLaLä 

T ■^*-^_S to^Lädl ALiJl ^ 21 ^Uäj (j_j^ L' A^a^^^ 0^;^ O 

.S^jaluiAl ALaJl Ajj '/šKl^ 
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Transient State simulation SISUaII ^ SjjUJI 1.3 

Aje. ji tLa ^Uäj] Aje /' (_jjjAj q 

Aje ^jx<a^ 4_jail^A Aje ,AjA^ ^Üäj] A^IAjjI ^jJaj 

/õ^yj 

^jj£j LaAje ^jllLaä to^jüoixj Llj'jfL^ ^Uül] LaAje S^Lstll Lkjajl (_jj)jAjj q 

.o«.1a 1 ^jjjoLajil J:}^ ^Uäj]l j^jLa LajlAj ^Lkj]l 


Steady State simulation SliU^I ^ Sj^uaaII tiiVUil 2.3 

lAAje tS^jaluiA]! plA» /' ^Uäj •> AjoiljAj (JjI^ ^ O 

* 1 1 ^ 4 _ij^^ aA^ ^ ... .\\ i ^ ^a n L w ^ 

;;jjlaj^>ia ALajel ^ O 

tuUUi A^jj ^^\ empty system ^j'^ f'-2äjj «^aJI ja •/ 

•Al -s. ^\\ 1 ^Aj]I 


j ^ji (j^-aJ ^]-a»‘j aJjI Jaj^)jaü «.aJI _jä ^ 

Ui li i ^a*l... ^ 1 ^ ^r-- 1 ^ ^Ir-- 


[c^l 5 ] 


‘Õ^LslII ^L^Lj A .^1 A. 11 (Ajl^^jLea]l jj>j A'f~- i. q 

.^IaIj*^! Jajjjill (^^Je oA-aiea j t^Uüll (^5^ leLlLaj! 

^A^j plA-N.‘'.nl o^Lstll ^LiJLi A .^1 A. 11 (AjjL^^)^^l (j>j q 

„aa^l l" (Jjjuaü 

.Ü'"^ •"-J ‘ ^ IA^)^Ij (j_5^ l—š_JJaLl O^IjlII ^LiJlj (3^* ' ' 

^^1 ^ /'Il (JjauoUJ lillÄ tS^lsJl S^pŠ]! LllLa_ji*-a]l i—ŠäjJJ ^ 

a^pa] ~1 1 a'11 djLa_^Lea]l pj^p^a^jLl Ia^ lAAje^ a^)ajjaLA]l aJL^I j. 

^CjjLa _^Lea]l C 5 ^ 

^U]l Jj pUij AS ^Lkj]l 0l£ lÄj La Alj^ ^ J 3Ä ^lü]l ^Ja]l J <Kla]l Q 
‘õAeLa.alLaj A aVlA. ^ 4 pixjj CjjlJä J» >u\l tjüÄ J ^1 'A^a'l.n/'ll 

4pixij 'S^Laj SJa (J£ LllL^^)^-a]l 4jjlLa Jjj . . ."^Ti 

^LiJ ^Uäj]l ^ 

. jl Jjjal'jfl 


Apixjj SJS (j^ S^pix.a •> l 1 i 1 jj*j ^Ajk^oü LaAlat^ 
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Estimating techniques for SS SjaI-iaJI cjUjŽj .4 

(jl (j^-aJ dlLoil^l 4£. ■« rAja‘u.'/'\l Cll'^l:aJl 'i ‘ ^'aj q 

tmcan jlall t^Loi^ ^isliLa ^ Jj^jLa] 

CjU j^\ ^lüi] t standard deviation c5 j^*-^' 

^Ij jl VI ^ 4 «ag «all 4^_ji*-a]l ^^llLaS Q 

La a1^ (>j ^ j' ‘ili«-a]i ^ O' ^ JLal^'^1 

_(_jAÄ-a]l t ^■ nL'/' ■" (J-a*Jl dl3_j] 4 _um'i11j 


^1 jJüixJ) JoujjÕa! Jl^ 1 

(Jj^JLdl Jajoijlä !■_ il >u^ ^ t‘õl£La^ ^Uäj JC„....‘JC3 ‘J^2 ‘-^1 ?• J"^ O 




1 " 

n i=i 


^gjgüdi (J^jLä>i ]1 L_äl^)^'^l j- ^ '' ^*■ _ JajoijLal] AaA\ (JLi-a (J 


O 


Sd = 


1 r 


- V (X; - X) ' 
n 1^1^' 


2 1 

Sd=- 

n 


n I ^ ^ I 

i_ Vr ^ Vi=i J 

-1 il' ' n 


:^:^1 ^l^iLLa.L 


‘ ^‘'-N. /' jl Q 


l 


J 
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oli 


jc-1.96^,jc + 1.96^ 
Jn Jn 


[c'^) 6 ] .^ 95% 

‘99% (.5^ ^AÜoba]! plA» /' oj tAÜJl J -"l (j^ Jajoijiall i- _ 'I q 

I3 J ^ Ööpali 0^ (JLi^l Ajlj AÜJl (JLi-a 0^ ‘90% J ‘95% 



[C^l 7 ] 


‘(J>»»;11 1 g !.>>»} ^ «üajljlä Xn _‘X 3 ‘^2 ‘-^1 Clljl£ lil La Qq^lll Ljaji (j^-aj 

.l^jlc- A/aiu ^ü' CJ^ ^ !xiaä 

I^aLl^I ^Ia^JLoiIj JajoijLoll ^.^a^ ^ _ '1 ^ lil 

X = -^X, 
n ,=i 

;4jLi]l (_3^>^^ ^AÜuij L_Š_jjai lilli iVjl dlL^^ji^l JajlOl (j-a Qa^''!! i _ lil 

.autocorrelation function -iajljill ljLoi^ (a 

.batch mean ^ -i^jLa (b 

.replication J j^l (c 

.regenerative method -^-^1 (d 


94 




autocorrelation function j^' t^LoLa. (a 

C 5 ^ W expectation ^^jUy j fiy; j ‘õip 'Y jX o 
jiill Y J X (>» õj'^ o^y J (/‘x '-y-^ Ü^J J^' 

^l-ikioib covarianceJ ojIjj]1 cjLol^. 

c^^^ = e[{X-/iJY-m,)\ 

= e[xy]-m,m, 

.X J ^ jlai' ^jlail E(X) ^ ‘ [c'^) 8 ] 

;Llijl£ t y J X ÕJJ -2=^'J^' Cxy J^J o 

‘õ4=^' Y jX CM Cxy =0 ■ 

‘ 0:4 =^'Y J X ^jli Cxy >0 ■ 

.CjJLul J£Aj tjjiajljl« Y J X Cxy <0 " 

_ jiLLlo y J X (jj(jli C;cy =ö>2 ■ 
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Ji\ J\:^\ Cm o 




l)^-^ 


l)^-^ 


Y J X õJ:P'_?*^' correlation -2=^'j^' t^LoLi. j£-aj ^ ^jLoLi. o 


Pxy 


xy 


a a 

X y 


iCiil^ -1 < < 1 tjj£j J iY jXü^ ^ J o 

‘Ü:A=^' J^ cs' Y J X CM Pxy =0 ■ 

ya (_1^J>^ (jjJajljia Y _5 X C }^(jli 1 (j-a Pxy " 

ti-JLai (jjiajl^)!La Y jX C}^ _j^^La]l ^jlä - J pA Pxy " 
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S.: ^ 


Xn...^X3 ‘‘X2 ‘Xl jä^i lij^ O 

JjSfl 2 ;jj J^J .(Xn-l,Xn) ...x(Xi,Xi+i) . ‘(X5,X6) ‘(X3,X4) ‘(Xi,X2) 

lill Jajljlll CS"”®^ ‘..J-^^J Y (^^^J X jiJLa ;j-a 

:^j c5jU^j autocorrelation function 

X(x,-x)(x,„-n 

V (=1 (=1 



X = 


1 

n 


n 

i=l 
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batch mean (b 

^j Xfi.-.-^X-i ‘■X 2 ‘Xi jxlxuŽj Jsuoijla AaIxj q 

(jl (^\ Jy ^j-a ^jLoilxj C5^ ■" (J^ 

<‘Xb+2 ‘Xfe+i Xfo....‘X3 ‘X 2 ‘Xl ^Jc- 

[C^l ‘X2fc....‘Xfc+3 


(_j£^ «üli X —^ Jc ( ^2 J Jajoijiall ‘- _ '' “'*»■ Q 

|^2yl»Jlj Jajoi_jia]l t^Üajl^jlLa X il li. njia]) jjl jjlA^>Jl 

— 1 * 

^tr 


;^2yl»Jlj LjJjoÜJj O 


,2 _ 1 
~ k 


Sd=- 


f k _ \ 

Ž ( x ,-^)^ 

V <=1 


;^2yl»Jlj AÜi]! (JLi-a (_5-5 c- lJ‘ ' {k'>'^Q k ü^ o 


/ 




X-\.96^,X+\.96^ 

\ -yjk '\ k 


[c^l 10 ] 
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replication j' j^' (c 

0^ (_jc. Aij^)Ja ^lAiJLaiLj AÜill (JLi-a ^ _'' Q 

,0jlll]) Jajoijl« !■_ il i.u^ ^ 

\o^ yi ol£La^l .iäij Lijl o 


Xi„....‘Xi3 ‘Xi2 ‘Xli :''- j'j^' 
X2m.-‘X23 ‘X 22 ‘X 21 :^- j'j^' 


^nm**** ‘X„3 ‘X„2 ‘X„1 :«- j'j^' 


(_]^ Jajoi jia]l t ^ il .n-s, q 

1 " 

m 

;Aj1Äj (_Ja!Laba <_)£ ^jl jLjjC-I (_5-5c- JauijlxJl ^ ^ai Q 

— 1 " 

x=-ZX 

n i=i 


^; = ‘fŽ(X 

«Itt ) 

(J£J o^lsJi ojja J ilYl <<a^ i^\ (JjL !■_ il i.u-\ ^ (j-*^ 

Ijj^jia (_5^j >■_ il i.M^ ^ O 

Aje. <jSI£ oAjj jUälj'jflj Ajijj ojjj (J^ 4.alü^ 4^1 Ajj 1 -V /'\1 Ajõ n' '/^ 

_0jljj]l (Jjjuja^ ^ (j^j jq*'. .'2 (_jj^ Ajäjj]! 

(J jx^ j]l Aje. ^llill (Jjxxaijlj f.AJlj oA^lj oja] ol^Lixn]! <^lj]l 

0Jjä]l (Jxiaj (J]yLk AAjlii OJA ^lii]! (Jjxxaij ^ ü^j OJJŠ] liüÄj OjajjalA]! 

^(^Jaä]! jc- t—iajj]i t^i]Äj J J‘4 ^.jjA j]i 
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regenerative (d 

^jJ aj^ ^jl,A<aJxj j Jajoijia ^jl ■■' ' V o 

AaIxj Laj^ ta^ dl)^}» AÜlxudl sÄA Jaui jlxi ^ _'' ^ 

/õA^lj o^)-a] 'AKl ^ /'\1 Aaiii (Jjj^jia ^jc- <iŽljauj ^"'1 •> ■" aJ jii ^_3-5c- AjAij]l Ai^jja 

‘ [c'^^) 1 1 ] ‘'^j'^ ^Lki]l IgJ j^\ ... t^2 ‘?1 ‘?0 õ' J^ O 

^6^j ?1 (>“j^' J 'õ^ J j^\ õjjjll JjikA (>»j ?o (>»jJ' JJ 

.S^)-a (Jj*^ ^ J^ pA-N. /'Il ^.'‘ '_ix^l (j-a 1(^ (jjW 

IgjJaL ^^1 ^LouJl (^-ajoüj t regenerative points -^'-^ Jalij]l oÄa o 

jÄ La£ ‘regenerative cycle AjAaall s jjAj ^jli]l aJUJ] aj*j 


Number 
in System 



jjjj»j Xin...^Xi3 ‘■Xq ‘■Xii (jiajÜii] q 

(jLäjJI (j^-aJ .jj^Adl Jli-a] CIiL^^p-a]! AAc- iflj (ji ^jAajÜiilj ‘/■;+j j tj (jJC-jlill 

.ajjl >‘i<all iAjIjjA]! ^"'1 •> J"^ -"b ^jc. <iŽljaba ^"'1 y J"^ oj& (ji 

; (jÄ]l J i jj-l]l ^jAyA Zi O 


fj 

z,=S 


V.. 

u 


• 4jlÜ]l ^^ilsdl plA-N.‘wi'l J ^jldl Jajoijldl t ^ <1 ■ j^J»J iÄl Q 

1 M 

‘ Sz . 


z = 


Mtt 

1 M 

V n. 

mU ' 


AKK /'Il dlljjA dll^j-a AAc. M 
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.2.4 

ü'^'^ O 

J ol£La^l ^Uäj Ljajl J *■ _'' “'^ i_ya^)x^iuij 

Probability that the J'^ Cy^ (^' 3 ^' JJL^l (a 

.random variable Iie in fixed interval 

.Percentile of random variable J^jidl (b 

.Variance of the random variable J õjWj (c 


Probability that the random Cy^ JjaJLdl JUia.! (a 

.variable Iie in fixed interval 

S \ ^ , nO' dulii (Jl.^-<a (J(jl^ )^] t>> p; Q 

Jajoi^^ILdl L^Lol^ 

^ji Aj^ lÄj (J_j^JLa]l X tLJ_jl]adl (J1 •N.all / UjA] Q 

p = Pr(XEl) 

jjoudl (JjiJLai] 'vVn (j-a <jjc- N ^ tSj-a j|//'AKl ^/'\1 J ^O 

^jli lÄj il (JLi^l (j-ajJa X jj^aadl (J_j^JLa]l LiJ^ AAc- V,' (j^Jj ^X 

;lÄj i^^\y!Lxl\ JjaJlJl jA p=yJX 

M 


1 M 

P=i^P' 

M ^1 


t_JjatiJj Q 


5^ = 


M 


-[S(P. P)^j 


_ol£l^.all jlj^ t _ 'IWn P ^jLol^ (ji Jä^üj lil 
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Percentile of random variable 3*^' J(b 

2iliLa3 (Jjlij ■" (Jt_Jjaij]l ^ ‘ O 

^.lij (.ji) ^ “'°'' 4jLiJLai'^l (j-aj 'C, Cy^ ^^j_S ^Uü] S '1 ■^‘'.nVl Jajoijia 

. [^Liajj 12 ] Ciäj Jai Ci'^^1 2j-a 2j^<a«a 

lOOyÖ*^^ ^_jldl4.ijaü]lL_Š^)*j <‘f{pc) ^lii£ ji 2f jjiadl (Jj^JLdl Uj^ (j^ O 

(j^ ojjj^.iai^l A^LouJ! (jl y(jC/?)<C/^ Xf] Jjiadl (JjiJLai] 5-<a^ (Js^ 

;(J£j.1]Ij (j^ 3 A l-a^ iP <>^1 (_ 5 jLoü jl Ji(x^ Wi<all CiajJ X/3 J -OO 



‘•^/2 ‘-^n 


4i£iuLX> dlL^ 




Uj^ o^yi (_]£ Ajijj LLaä ^ül o 

^jLoLi. ^aJj lAAjfr Xij<Xij+\ ÜJ^ jš^l sIa JÜJ jaii] XiN....‘‘XB 

^l^iJLailj Jajoi j1a]1 ^ _'' 2)C- X (JlOOy^^ Aj^jl^dlAjjaü]! 


Xp 


-±y 


ii) 

Xp 


A.aÄ JliUij ‘õj^ dil j-a %K1 ^ /'Il .liiii ^jldl 4jjaü]l jijjäj (jj O 

j . l>j ^j1a] 1 <Jjaü]l ^ _ '1 lil t‘õ jLadj 

^ jäV'll 4jlgj 'AKl -V /'Il f,Aj (j-a ^"'1 •> J"^ -"11 ^J<a-N (Jj^-iaü ">/ 

Jj >f--l c"'! •> j'^ -"11 ^l«a-> t_JJJJJ 

[c'^) 13 ] 
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Variance of the random variable J (c 

‘JC(2 ^Xii ‘dŽluLä c"il Ijj^ ' oj-a (J£ 0^ ][^ SlSLa-A]! .liiiij iLaŠ lijl Q 

J£ ^ Jajoijldl ^jLoLi. ,]S[[a^^c. x,a?....‘X,3 


1 ^ 

ä 4 e 




X^J 




1 M 

^=—Eä 

Mtt 


;(_5jLaü Äjiii (J£J (_5jLÄ-a]l (jl O 


V (0 


'dii) 


J_ 

N 

1 

N 


f N 


VM 


V N 


EU^y - 2 jUX,j +//') 

VM 


\ ^ f N V 


1 

N 


VM 


AjQ nti ^_jj 1^1 Jajoi^^lLö (_jjl^l (^\k lil Q 


1 r#, 2 ^ 


< 7 " = 


1 " r 1 ^ ) 12 ^- 2-2 

77E, V^E-^ -77^E-^'-^ + 77-^ 

J MTVtf M 


a^ = 


1 M 1 N 

E E-^^'>! 


jL^CjIjj^ jW^' 2lipk tS^lj 0 ^ Sisugi ^jLoLi. õ^j O 

^ Vi l 11^*2 aW L ^ il L 11 -N. 0^ AÜlLalta 
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Estimation techniques for transient State cjVUll jjL .5 

(J(_5-5c- (J^Üü] ‘õ^Lstll ^LiJl ,A<iUxj Q 
(J£ AjLiJ] 0 ^_j*Jl ^ io^ dll^j-a SlSLi-a]! .Ijijj ‘õ^lsJl Cll'^l.iJ] 

^jüoij ^ji (_J^ ^ Cy^j Jaj^)j.^l .ijšjjj 

4jLja'^lj tS^Lstll ojjall (J_jiaj AjSIS C5^ ^Uüll p ^ ÜJ^ Ü *•. O 

CjI^ (jc. 4^1 j 4J!)laliail ji 4^1 jjic. ^JM plAA'u.'l ^ jjl liUi] 


Pilot experiments ^jV) 6 

Aa!i]l (JLi^ (jl ' V tAÜi]l (JLi-a t _ <1 0^ L3^>^ l u^i ^yLLoii LijJ ü'^' C5^ 27 

(JLi^ ji ‘ ^ Lal£ .Ijiii]! dll^yj ' /'K^ ''jõV'\l ' ■ Xr, i u ui Vij 

A^\ 

S^Ij j ^lliJ L_Lk^aj]l AÜi]l (JLi-a (jiajiijls 1 / \/TV t5Aluüll ^jl jŠ 28 

^1 JL^ LaK J 1/-V^v= 0.5(1/'VÄ^) eJU^i ^J jlj£i]l 

O^ljLaK 

TV dll^yj (_5lc- Õj^ ^Uäj]l p .n. ^ .n V plA» /' ,29 

(j-a ^ lilli] t4_l^jllaxj 4j.i 4 /'ja ^^Ic- 2j>^^ll lillij 4 t_l^l_jll 

4Ü11 JLi-a !■_ il >11^ (_^^)la ^jC- TV 2 4jt3jiall 4 .«jall ^Uüll ^^/-.l l-ir-V a2j1 


105 



cjUikiU 


[J^ 1 ] 

(_J<alc. ^_J^_5 La (j-aj t^ik^axj La 4j| (_Jja*j dll^yj ^^)x-a ^iLLa 

. ... Ü:J*-^ 


[J^ 2 ] 

jUäjjl aj^ dlläjSfl ^■" Ajü ^1 (_Pa*j Ü^j ^ _'' “'^ ^LLa 

(j-aj (_5Jj ^Lja*^!^ 


[c^) 1 ] 

;4 jimi dlLaplAA‘'.nl ' ^1 jLi»*' ‘- _'' “'^ Jlia ^ 

^(^(_J]a*j]l dl3j^ jUäIlj'^1 t- ~a.^ ^J 4j^l (JÜ^j * 
dlä ^jA 4 j^l ^ L>^j * 

^ _'' ^ja. ^/'\1 cLa pAA‘un‘' 'išl^l ^ /'\1 «.l^Jljl Ale-J jä.^/' dlLajlx^a]) sAA Liä^ 

L_Šl^pJ'^l J mean *—šäJj]l (j-aj Jajoijla (JiLa dlLajLuxj t^Lui^j tCll'^'^1 L_ääjJ 

jJ-uLi]! J standard deviation 

[C^l 2 ] 

4^j^l (Jjx^aj Aje. (Jjj.^j]l (j-aj Ü:J3^ ^aL^I ^jix^axj ^lAijLoiL «.lij£'jfl (j^-aJ 

4^ja. ^/'\1 ^ jA /'\1 ^j-a^l ^j-a ^ j^j^l ’õAa»A] 4^j^l ‘õjAli-a Aje-j t‘õAi*Jl 

4^ j^l s-läj (j-aj LS^ d‘ ^ja. ^tj]l (jj^^^j (Jjj.^j]l (j-aj (j^ t5^^_S 

ja. ^/'\1 


LC-s. J 

_4^lAlj'jfl JajjjoJl ^ (j-a SlSLi.^i]! ^lAl JJXJJ Lt-da 


[c^l 4 ] 

jjLill (j_j^_5 tAjjlAij'jfl Jajjill (jc. (j_j^ a 1 a'\ 1 4jjjja ojÜS ^ /'\1 Clbaj lÄj 

, 'J' oAAi-a SjjjLx^a Ajixj j Sjjä 'AKI /'\1 (JL^ 
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[c^) 5 ] 




>UallU 


r 




aXaC- «.1^1 ^ Jj J 




-J 


[J^ 1 ] 

(JjVl iJaŽS (_]j>-aa]l Cll'^^1 (Jl!La]l IjjJ ^ 

_(^l^^2ylA-aj ' Ik^all (j-a ^j^)^ ^^Uillj (_Jia*J (^1) i (Jj^^ 

.Primary events ^j*^' i 1 i 1 ^'^Lj ilil^'^l oÄa ^si 


[J^ 2 ] 

aJL^ dijA^ ^^jj ^ jUäjj'^1 t- ^ dj'^^1 (Jj^^j lIj'^^ 1 J 1 ClijA^ jlj^ 

(_Jjjlc- (jj^ LaAjc. i^ij (^^LkkOj (^)) ^ (jjj lIj'^^1 

<^Lij l1i'^^ 1 C5^ idlc diSj 


[C^) 5 ] 

.^Ij]1 Sjm] 1 ^ ^ÄoiJl ^ JjHj L_Šjjol 


[C^l 6 ] 

ajji .Ijijj Aje- ^1 i^\ ,JajaijJji]l ^ _'' Aje- AlijA^ (j^-a-ali Ua^l AÄj]) (JL^-ji ] 

.0}^' JL^l oAÄ 95%) 


[c^) 7 ] 


^^^joiLiHi ^ 


1 ^ 




id) Jald ^ lia ' ^) c j) . 
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JV 1 

c.y = 'ZiXi jUJiJi My) 

n=0 


[^Ljajj 9 ] 


[c'^) 10 ] 

(j^jjJa Ü_?^ b (_]£ (j^jjJa dlLijaJl ‘- _ 

Jajljj]! ^Ij ^1^1 ^J (_3J^)ia (jc- ]y <<a^ jLjikl t^ÜajljiLa 

La ^)3Lx^l Jy AjS (j_5^ (.5^^ ^ Õ^_S 



[c'^) 11 ] 

^1 l& jli ^Uäj]l ~ ''•^ ■" I_9j>^a]) (j^ Llj'^LiJl ^^J 

.1 _ 9j>^a]) 


. 95% (jc- La ^Uäj (_ji (JŽj ji 4-1^ S '1 ■^•'..'Vl <jjaü !■_ il I,u^ ^ !il!La 


[c'^) 13 ] 

jxjj dlL^^ji-^li] j' - ■';^ j^ ^jlall 4jjaü]l ^.-a^ (J^-^ (J j^<a] 

_S 'j\Li/'\l ^LllLoil j\l-i/'\l AÜi]) (J^-^-^ ‘- .'' “'^ ^ 
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(JjLuLO 


(J'Õj' “' ^ /'j/'.^*'' CIloS (Jj.^xllj ^ -13 

:^^Li (jiij 

_(_la»Jl oj^ C^-5 ’õj^ AjjJaaj (_j.xj^lj dlLa_jLi-a]l ^ 

L_Šl^)^'^l J Jajoij!La ‘- _'' .n-vj ^_jŽj AjLjalj ^ -1) 

L_äl^)^'^lj Jajoi j1a] 1 t-Jjoi^lj tS^lc. ojjä 1^1 ^)J^lj S^j-a ® • J 'AKl ~v /'\1 .Ijijlj ^ -Q 

L_Jajoi j1a] 1 t-Jjoi^lj tS^)aluiA]t aj^ 1^1 S^j-a 5®0 olSLi-a]! .Ijäjj ^Ij -d 

^iA'^\ /' (J^joi J 4iLui]l 0jllli]l ~Q 

'^ (Jajoi j1a]I ^ \ JajoijXa ‘- _ '' -1^ 

,4iljal]l 0jlli]l ^ 

_4j^l (_Jja*j (j>j 95% AÜJl (JLi-a t_Jjai^l -g 
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Simulation Languages 


.1 

^ ^ ^Üäj pJ■" ‘ A^Loi]! (JJ ‘ O 

LaJ ^jl 4^^)iaba]l ^j-a 4£. ■« 

_jüäÜ-a 4£. 4^1 ^jJ 4^^^ 0<al^ O 

/õ^.l*ia yjjJ ^1 jJJ 4£. ^Ai-a JjiJl jjoaJl ^jJ 4^^^ O 

^ 4£.LuiJ ^jj] 4^^^ O 

.4j\ya‘un/'\l lLiIa^S^I 4^la ^j>j ji tillAiJl 4^^^ Q 

.4j\ya‘u.'/'\l lLiIa^'^! 4^lij O 

,^lli]l jl^Jäjj O 

li-š. VI L ^llli]l 4jailj^ 0>al^ ^llij ^^pjoi La£j Q 

o^A (_3 j1^ J-| —|- jl (^-j—|- C t5dlljü ^IaÜjoiIj (_j^-aJ O 

^Üäj ^1 pJ■" ‘ ^‘' 4 . ^1 -š. 4 j-v plA-š.‘u.'l (j^j 

_4.a^^l 4j-v (Jjjk^lijllj (J(jjAjj 4£.^)jaij ‘õf.li^ 

. ^-š. 4 J-V O^A -i-ic- (_jc- OJ^ j‘^a\l (_)^^)*iaü L_ä_jjal Q 

^I^IaÜjoiIj l^Jt-a (_J.xjIjiÜ] 1 4(Jjj^lÜj (J(jjAj oilA ^jLoujj Ijlj-aj 


A.^jJ| Ci\ilj ^ ^jlL» 2 

4jlc. 4 -v ' c"il»1 ^IaÜjoiI jLiÜ.'^l _jA pl 1A'11 o-liilj (jl (j ^ .a j jl ^ !■ _ 1» > ^ 1 (jl Q 

Ljajlj jll-i/'ll '/šl^l -v /'Il ^Üäj . ^*'1 S^yAL^ 4 j-v ^IaÜjoiI (j^_5 (_5 jjjoba]! 

4aja^*' jll-i/'ll 4 A 1A'1 C-Auijjfl 4^^^^! ^1 j'' 

;4jlj]l dil ^Üäj 4 . d -N. 11J S^yAL^l 4 J-V -«jjll _jj«a'i‘ij o 

i [^Idajj 1 ] ^Uäj 11; .'11~*‘j õ jAl^ 4d^y^ 0 >j1^ 4 j-v -«jjH 

.1 ^ aja^*'! jj^jjUl .l^-^lj dl3_j]l (J^ (_J^ l-^a^a 

(.-JjaiLLa lJIs]! jl 1ÄA_5 t^^Al^j A^lj (_J-afr tJläj (_J-afr jÜal (jj^^^j^I] 

.jUajfl IÄA (_5 jluball 4^lc. 4.^^^)^1 dliü jf 1 -"jj (al£L^^l p 1^ '1 

_4j_j^jaü ^)Jjij]l J (_]j.l*ji] 4 Aj 13 ^Uäj 4 -"^.'11 ^ li»*' 

.l_l£jjLajJji f 11-»-^ VI 1- ~a1 ■" 4j-^ ' (JjLoij 4 j-v 
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c _ il _u ui ^ jlixtba]i ^-^1-c- u" il»1 Išl^l ^ /'Il plA' ^ J ^^)^i (_j.<a q 

■" Ü^J ‘c5 l■'~1l»l_1 '^JJJ^ll ;jj-^ /'JJ/'Il 0^)^ ^ 

• ^ J?’ •"J.^' 

‘ ^ dill (j-a3^ _jj■"'''' (_5 jIiula]! ^ (."llatl l S /'/'.^/'ll <* j-v -"^ 'll jüü]l ^jl ^ 

/õ_^L^l Aj^-a^)Jl S /'/'.^/'ll IšKl ~v /'Il 0^1^ oAklj (_5i]l .Ijiii]! (j-a3^ llijjlLa 

^^^^1 ^j>j (Jjidllj jXlAu^allllj ^>^1 jjjgba]! ^ c" il»1 ^ 

. d -š. i._i]| j2 ^j»jJa 'Aa/'I l <* 

^ jia Üä J jlll AjjJa^jC. u" il»1 J-|—|- J (]^-|—|- ^ u" il»1 ^jl ^ 

/õjAl^l Aj^-a^)Jl plA» /' 

^ldda.1 Jj t> J^ J -ijljl ^>i] JU]1 ^1 oj > 

jIiuia]! ^ ' c" il » 1 


La jjdjoi ^ ^3^^ L_Šldai 3'‘^°‘'ll ' 1—Š'š s3^ J O 

. d -š. ^"'1 °J.'Li‘'l jl 4^lc. (_)^1^)C.'^ ^3^i õ^ ^jLLa • 

. (*3^^ Ü^ 4^3LLa]1 3-al_j*Jl • 

CjUaj^alAl ji Jalj&V j^l ^3^1 ^jläi<a X3 

'Al^l ^ /'Il c" '1 » 1 ;(jjJjalLali _jj (Jj 'Al ^1 ^ -nll pL'' ^ . d A>. 11 <* J-V -"^3' ^3^^ ' < 1>^‘i O 

^Lk dlijai A^liJl Jl ^ 3 aJl Jliülj ‘Simulation languages 

.application-oriented simulation 

dl3_j]l (_Jjaiij 1 ^ '^1 J LjJJia<a]l ^Uüll 33^ ' aJLlII Ajj^JL 3 j •"'''' A-a^^jJl u" il»1 • 

.AJlUI plAA'u.'l J Jj di3j]l (jjiiij lg-j£Jj jlL»/'! ^LiaL 

_j^jaü 'AKl ^ /'Il 33^ ' plAA'unVl l^L 3J Aj^LkJl Aj^^^)J1 ^3^^ * 

L»aa 3:^^^ 3.'^'^ 1 ^ Kl J 

^J^i 'C ?• •"'^. 3*-?-^ ^ u" il»1 jjJaxj ^lä 'õ^)jk.'^l dil_jjjai]l 3^ild 3^_S O 

'il£l^l _j ‘ ^1 'f- 3^ ^y^ajc- ^1 L_ŠA^j ^Idaj (_^ (_jjijLa]l ^lAkloilj _jjaiJl ~1 aA'uh1 ' 

Ij^ldajj 2 ] . ^>u^ajc. AjI dLiu^al jm ^ 
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2.3 

^^pjoui]! (J-al_j*Jl 4£. LSJ)"''^"' O 

;j£-ajj 'AKl -V /'\l ^Uäj (_ji ji jäLoü jj^UaJl j icntitics ^ 

,2iliLa jUa<i Sl^Li-a ^Uäj S^Ua]! jl ^jl 

CiLajiji-a]l J tCiUIg-j j;j-a2 CilL^l j iattributcs 
ol^La^ ^Uäj 1^ ^l^/õ^Ua]l ^_?-y^ cl^ ü3^ ^ . ^1 -N. 

, jUaxj 

«.Uül CiUJ sl^La^l ^Uäj ^jlJ iresources ^ 

^ jUa<a ol^La^ ^Uäj ^jl^)jia]l jl jLk, ^ ^1 jJl .^Lk^l 

j^ ^jl (jj^ LaAjc. ClU jUäljl (j^Lal t^J iQUCllCS ^ jix^l 

j) LJPO HFO oÄä (j^ Ü^^J ‘“jŠjlä 

jUa-a]l ^jA-a dlljjUall jUäljl SliLa jl (_5^L^aj]l t_J^jj]lj 

. jLka ^ 

4^^)!Li<a]l (2al^j*A] AjlLal 4£. ■" L)^ O 




<-ilä,^U 


1 äjä.^U 


S»Ua 

LL A]^\\ ^^Ij tAjüaäll 

.>JL«JI cCjV/VI 



U^J 

c^Luj^l 

c.iäx!l 

buffer J 

jUa-0 

ö^Ua 



queue ‘-š*-=> 


jjjJ (_J]a 

£4qKH 4AJa^^jiiõ]l c^aj^l 


queue 
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4.^jJl ijjtjü .4 

/" 4JlI]I sÄA ^!La^ ^1 ^ (La ^Üäi] ^ AJÜ O 

(j^><aJ t"'la.^l cLa lJ$‘-^ al^L^^I ^Üäj ^ ^ CllLik^a) 

:ls^ '-^ 

^^lÜaJl J dlLix^l_j<a]l Slc-l^j-a 

.D 

_S^Lui<a]l (3^^_e 
,^lii]lj ^jlij jlAx^aj Sj^ ,p 

_5^^lä]l dll^jäa]! ^iLlx^aŠj i" il 0.^1 oÄä (_J^^}*iaü L_Š _jjai Q 

Au-a^j-wtll -A 

L Li li l ILa ^ 1 Q**i L “ 1 i l ^ 1 A La p l Li 1 ^i‘a-N.*i ^ AJtJ ö^-13 A-^^^aäJL ^ O 

jjjoba]! ^Jlc- A-i-a^ (■"llatlj 4jjj£>j 4^3^ ^Ljaj 4jil^ A i 4 -v 4 Jl1 ■y"' i''ij^ 

_2iL^i 4j^^)Jl 4 jl1 (A -J^ Lj^ ^1 3.1°3° 3'"'"*^'"^' lA°^ C (J-L> 

14 jlVill .^-š.11 3°^*' 3^ ^4j^)>j 4 -v -"^ i^l 4 jl1 3_J^^ ^ 

^jjjJu 3 ^_S -Jj ‘"' ^ (_).<ajLa<a^ 3 ^ 3 ° 0 ^ 3 ^^ 3 ^ *° U 3 ^ *• . '>j ^ 

, Ljaji 4.»LtJ) d)'^ 

.if-then-else 3^' dLaJjij]! ^ tS 3 ' 3?^ 

dlLajjjLii]! (JiLa ‘õ.iäx-a 4_ljJaLlj jJ j 4jjJaljj Llj'^^Li-a 4 ^Ir- 4jlilall 3 

dlLjLlJ ^1 _j3 4 /iJ Vall Jaj^)jai]l 33^-5 Jaj^)aj «.LLjj 4jlilall 3 

.^ll 


casy of ^l-i^Ljai'^1 ^ 3^ 4:^^1 4iJ 3 3 j^ 3 ' ‘• . '>.1 dl 3 ial_^l 3-« o 

^ jiaJ 4ja^jJl dU] (easy of learning ^3*111 3 j uses 

.0^jfJl (.^idill cWd] Graphical user interface 
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Aj^lÜxll J A ölc.l^)-a -3 

Laj CJjoiLLa]! jL^.^1 dlLäx^al ya La ^ Axl jLii^l Aic- Q 

I^^La ale-^ ,^A^JLaba]l (_]]» >«‘lil ^Üäj ^ 

.Windows j' ‘ L inux ‘Unix t> ^-ii^LoLd' JjiJü]! ,aLkj 
.IBM Compatible 6- J Apple ^ jj 6- ^ 

_Uj.lijjaUl]l RjAM Õj^li ^ 

_Ajj3j ^Lla]! 4£.^)jal 


4.£^pJLa ^-lij ö-C 

a 1 a'\\ 4.£^j^JLa ^J*JJ ^Lj ^_5Jc- ^ <> 11 4 .^.^Ajtl ^Uäj oj.i3 ü) o 

> •"J.'^' Ajtl ^jjü ^jl ‘- _ J .il^)-a]l ^1 

L^jtäl_j<aj 1^1 _jil_5 lg 3t^i ^ ‘^l-j_j£jl ~A-n.‘'.h' ^^1 ^ /'Il ^1 ^ JJ^J «-l-jj Sj.i3 Q 

^^1 ^ /'Il l1i'^_ j^JLa dlljjij ^ ^LlilLj 0.alj^)Jl (djijjJ Ajc- (j-a^l 4 -jluL.^I t5^ 

Ua*-a Ajtälj (JLaJ ^IaÜoiI bÜLa^ _ljaj£^ La J^J c)^-^ 

jLuba]) La a.^La ^ jlLi .^jc- 

!(.5-^ ^ C5^ 4jii]l oÄä Q 

^.läLjoui]! (jl du^j t0jlü]l (_3Jc- (JJ ^.iklLoba]! ^ cAaLkl]! (JjLoij >/ 

•> J a ji''-š. 

1L»-^VI (_Lui^^ ‘^' U^Loi^ ^ 

A ^1 ^ ‘ ^ ^ Li» ' ^^1 ^ /'Il lil La jLgJäl (_5jLaij ^/' 

.(j^.liJLaba]l (_JjLaij 

Ü.)'" ‘''^'“'•"^1 cj}^ t—liaLij]! (_5jLaij 
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-J) 

(JliUij 0jllj]i (JjLaJij jiAk^b ^jŽj (JjLoij ^Uäj]l (_5jiaj (jl ‘- _ Q 

_'AK1 -V /'\1 ^Uäj] dil jl jSj Aa^^ (.5^ 

^^ (. 5 ^ if Ü ^‘'“'J ^1 _j]l AajUaxj (j^ ^^1 ^ -"Il ^Uäj Q 

jj^ pAA‘'..'/'ll dljljlk'^1 oÄä j-aJ t^üälLa ^jjJ dii ^1 jdJl 

.IgjJ^ililjailj jüäiLa]! IgX. jjJ 

Aalik<a dl*jjjij ^1 jjic. ^1^1 ^jIj ^ . d A 11 (JjLoij]l ^^1 ^ -"11 (jl O 

_0<a^)j>i]l A^j 4.5^ j'!*» tLalc. 

(j»jJaj J Sl.^ä'/' dl^yi 0 ^ %1^1 ^ /'Il (_)]»1,'rnl aI^j ^^1 ^ -"11 (j(j^ ^ _ 'T*-; o 
^A^ldj*^! Jajjji]! (_jjiaj ^IaÜjoiI .ijc. (Jaidj (_J£ (_^ Aalü^ A^l^l^Lj ^^LJud 

ö-ic-LuiAll (_^Ij^1 -£ 

.ijc, l^Jl ^^j^^l (j<a (j^-aJ S^Lulxj (_^Ijj (,5-^ ^ jiij (jl t ^ i-vj q 

; ;^1 

^^1 ^ ■" ^Uäj «.Id AjŠ^ (.5^ id^)*j]l AÜlal (_5 jid (jl 4 - 1 ^ Q 

(jC. jl I_äjl^l (jJ^jJa (jC. f .1 _jjai (j_Jj 3 ^ ^-aA^ ALjoij (_5-^ ^ (_g (jl !•_ O 

•Online support djjii '^1 (jjjia 

jljäll c^dda ^ jjj demo disk t5^Jduxj o 

j _ '“'1 '-"11 (JjJaäl ^Lndl 


^lüllj ^ jld ^Id-al ö^.ia -p 

j^l_jä] tdlij 1 ^ jlt~- I _ŠjljLLa Ajjoil^ j1a*^1 (^^Ic- Ij-ilä ÕJ^ *^ <> 1 1 >• _ Q 

.^Udll ^bi 

P >A'u.'^H ' <4 • d A p ' /' . ^'\ jl (Jj.i*j 1 (j_J^ (jl ^ Q 

^l^jc. J'■ ■';^ 11 t(j-aj]l ^ d*^jdLall dljjüi) ‘Idd ^jllill (_5lc. Ij-ilä (jj^ (jl i.. i>j O 

.(... i^Udll d'^jdL» (j^ Jajljj]l tHistogram 
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General purpose Simulation packages .5 

4^jü]l 4^lc. ^/' J 4^lc. 0^)^ S^jäill oIä (J^^)*iaü L_äO 
^^LaJ sÄA \-ia^ ^j^liLa L_Š_^jai ^Üäj 

jlijLui 4An^l c" il ä. ^ 

[c'^) 3 ] Rokwell Automation ^ij^ Arena cr^ C 5 ^j'^' ^ 

[c'^) 4 ] Imagine (> Extend cr^ ^ j^' ^ 


‘■' ^Uäj ^Llj ^ J klaJjaü aj^ $.Ua£-lj ^L_ŠQ 

.(jjJÄjLoi]! ^IaÜjoiIj 


Arena 1.5 

^Aüaui _jÄ J jiiil ^Ic- slSLi-ai] ^Aüuidl (j-a Arena o 

• 1 ^ 1/1 t^ilajiWill ^ ^^ILa ^.IxJ 

. ^Il . ^/lll ^/^ 

^llj'^1 Ja 

. (_g^)£jal*Jl ^1 Wall ^/^ 

^LLäll •/ 

Basic klajjoij jj>j ^.i*j Arena 

'/s Va» /i pl^i ■" 4 1-ij.lilli ol£ A .a l l 

lJIjS]! ijM modules jAl ^ j <a -> <a Arena ^l^Ijj 

; Igi^ sJ äU 0>»1 jj jfr Sjl^ J templates 

Jajl jj]l J logic 4 ja li'i/lil dlLjLaaJl ^ 

iA-i.‘i.n/'ll ^ 1 _ lill S.‘ill 1" il ^ -1. 1J 

S.l&LjaLdi l^l^jjoljli ^ 

lIiU j ij^ll ^ jjk J (J 4 -1. 11 » /i 

.SQL J ‘Access ‘Excel ls j^' 2 ^'cijIA«-« •/ 


o 


o 
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SiŠLill (_^^)Ja (_jc. SlSLi^lj «.^1 Q 

V'\l ^ 'JJ Jajlj^l 

tSiLoJl J^ ^1 jjiaJl ^JM QM j^ Arena C 5 ^ j^j^ j o 

** e > ** e 

5ilj£ ^jjj 12 (j-* (.5^ Liajl (_5jiiJj 

(_^j Jajoijial] Aij (3-?^ LjLoi^j Lj£iLajjl ^Aä O 

J dlLaJL^^j (_3:j^)]a ^jc- JjJ-i J^ (J^ ^ ^ ^ 3^)^^ 

_ l)^ 'Lk^LiJl 


3alc. ^_j3j ^ Õ^J t^ik-axj ^ ^Uäj «.Lij ■" (_]^j^ i_Šjjui Q 

ell'^^1 33 ‘—^J^ t<:aJlLa]l AjüaS jLjlklj 

.3ia*JJ 

‘Arena ^^3^ LS^^ ^ik-ax» ^ Jaiaäxa]l f.Lij (_]£j^l O 

jm A >11x 1^j ^liaJ Ujj -iäa.!^ cli 


Generate Parts 


\ 




Bood Parts Finished 
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^ Jj lA <=■'Generate Parts Jjj-^ 3^' o 

LB^ tAi^^ J ^^jLoÜ J ^_5Jali ^Lal^l 5jlj£ ^jjJ ^IjJ 1^1 JJOlC. 

(jjj^j>i]| IÄA ^ '1 l ' Ajk^l^JI ailŠLllI ^_^lj]l 



jfr Jj>aJlJ Machine Parte Jjj^jaIIj Create Mõdule -M jj o 

(j^ ^Laii.1 ^ jjj ^Ij a1 Jjj^jaII l^j ‘Process «•! ^ (J-al*j]l jl cj^jj 

(Jjj^j<a]l IÄA (_j<ajLk^aij ^ .^1 A\1 oiätj]) (_]£j^l (j^J tAajS^ 0 75 J 0 65 
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^ ^ L)^ J3Ä J Inspector Mõdule J>dl o 

t JJ ‘Machine Parte J>dl 

lilA ‘Lk^LiJl SisLill (j^ 0.8 J 0.75 
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^clLall ^j\£ lil La^ j'j^' Jj>aLa]l jAj InSpCCtOr O 

SiaLill (^1^1 ‘ "11 (j^ CllLaJlLa]! qm 90% (j^ ^1 

_^^1 lii^ . ^-š. ' ^ . ^1 -N. 11 



CjLaJiJl i_š^ ijc. Jj>auJlJ Good Part Finished Jj^-^(^j o 

_ AjA ^ .^*'11 ^_^1 ^_ j * j 3 ^^ 11 ‘^ ‘'*'11 ^ jll ^ '11 


0jlli]l (^1^1 JjAiJl (j^ tAijŠ^ 100000 itiLa oAaj '/sKl ^ /'Il AjäV' liüi .1»J ^ .30 

.1^3^-1 '1-^^ ^_^i 



Average 

HalfWidth 

Minimum 

Value 

Maximum 

Value 

Waiting Time 

3.0280 

0.247628038 

0.00 

94.4532 

Transfer Time 

0.00 

0.000000000 

0.00 

0.00 

Other Time 

0.00 

0.000000000 

0.00 

0.00 

Total Time 

4.6397 

0.248893749 

1.4001 

101.70 
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Extendsim 2.5 

J 4^lc. '/šKi -s. ^\\ i /'A-š.‘un/'\i (j>j Extendsim j/'**' o 

^Ljaj -«‘'J aja^L^I ‘- ^Cy^ 

(Jj.i*j ^.ikiiauii] ;j£-ajj Visual Basic j' C++ ^l.iäJLailj liUij ^.läJLaLdlj A^^Lk 

‘õjli]l ^1 !Üaj (JjJ-i(_5-5 c- tl» . >i\l /'J Ajf.1^ jl 

model (J-^ (j^ ‘ (J^-^ Aj^li ^joij2 ^Uäj «.Uj AaIxj q 

^ (J^jj (jl du^j ‘modelS L>^ Aiäl£lä A£. Ajt^uJj (jS-aJ 

0 ^^ A^J^J 

Jjjujaäll jjixJl ^j-a ^j<a j^ Idaji ExtCndsim C5^ jšj^ O 

.^^LaJ^l ^Ij£ ^tj 34 Cy^ C5^ tjJajl (_5jJ:ajj tAiLoJl 

(_^j Jajoijiai] Aij (JLi-a ljLoi^j Lj^iLajji jlj£j] l 3^>^ t-a£ Q 

J dlLajLui]l (JLk^j ^jc- (JjJ-ij-a (J£ ^ -"j' ^ Ajjj<a]l 

_(Jjj^jjj cj^ Ajk^LkJl j-alj*^! 

‘Extendsim ^tjjj JakJ ^Uäj «.Uj j>. r-i'i-š j> J£jij i—šjjoi q 

L_iSji ^ljj'^1 tiA (j^jjij t-n»». tA.iJiLa]l AjüaS Aj^^4x.a jljjk.lj (J-alc- ^jSj ^ 

(J t-i»n Cll'^^1 ^jlj idl 

A^^^^ C5~4^ ^Uj) JaiJ JaLk^l f-Uj (J£d]l q 

: Extendsim 
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(^) «■' ^J Create Parts -^ C 5 ^j'^' block <1:^1 o 

Jajoijl-aJj yjjJ jjic. ^jJ (J.i*-a (jj^j 

. ^-š. ' ^ . ^1 -š. \1 ~ä.\°il lii (_]£j^) (j^ \ (_^^LuiJ 
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Combine Inputes Create Block iJ j'^' <1:^1 Ja^jj o 

aLoiLoi tkällüll (■ l>Vl ÕJJJ cs' 6- ^'>^' 

/ÕA^l J 

tlLLoi 0 ^Igia^j Machinc Parts 4ii£ -2 ^jj o 

0.7 J 0.65 (jJJ pU.T'/' ^Lai^l ^jjJ (^1 jjic. .i.ic. 4jj£Jl 0.1^ ^.läJLoü 

M VK\1 a.1^ .^-š. ' ^ . ^1 -š. \1 a^Ll]| ^lüll (_]£jJü]l (j^ 
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^ ^ jl^l tjfc ^^J Inspector Mõdule o 

J 0.75 õJJ t J ‘Machine Parte 

M V'^\l . ^-š. ' . ^1 -š. \1 Õ.\°il 'lil (_]£j.l]) (j^ 0.8 



‘ [c^) 5 ] 


Application-oriented simulation .6 

packeges 

! l^-l<a ^)£Äj ^ ‘A CllllniaJ S /'AA‘'.h/'\1 j ^lilLlA 3 1 

[c'-^) 6 ] ^.lieLoü AutoMod ■ 


I^^Liajj 7 ] .^.;;j“''i-iK'.Tl ol^La-d pAA‘'..n OPNET ^däj ■ 
[^Ljajj 8 ] sl^La-A] ^.lüaü MedModel ^Uäj ■ 
[cd^l 9 ] õl£U^ ^. ^Au . n Proof Animation (»dij ■ 
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[C^) 1 ] 

^^xlällLa A^l^l A^l^^jjixll ^l^VI *1 

/ö^.l*!La ^jjJ ‘kc-^jja AW^ ^I^Vl -2 

A£.LuiJ ^■%^*\,'illj _3 

AaLajj-u-all CAIa^VI A^ls (_j-a ^A^l jl t—iA:ül ^A^al _4 

_A_iijALu4All lÜjIAä.VI A^Iaj A^^^ 5 

.^lüll jl^jj ^ ^1 JJ .6 

lg^lüll a_uj1 jaI a^ ^^1 JJ _7 

VI t. štj^l A^ j^ ^^1 JJ _3 

[C^l 2 ] 

jl^«allj AjtjJajj pA-š. /'\1 4j^jŽjl ^IjAI (_^jia Jc- A^^ ^Uäj ^Uäj ^1 ^Ai^ A^Ljaj ^il!La (j^-aJ 

JaiuJallj ^A^^l dlLix^l ^ ' ■ '-‘^ j£»jj ,^Uäj]l Ajl^ aJoJ^ ^ Ü^J /'\1 

,^A^^I dllij^l ya (j^ 'šÄŠlj ^A^^l ^j^l 

[c^) 3 ] 

^ ^j<a]| Jxj DcmO A-ijoüj dlLa _jLi-a]l (Ja Aj ja J _jj»^üJI t ^ '\1 li\\ (j^-aj 

http://www.arenasimulation.com 


IC^l 4 ] 

^ ^ja]I ja DcmO A A . n ' J dlLa jx-a]l (ja Aj ja (^^Ic- J _jj.^üJI t ^ '\11-iW (j^-aj 

http://www.extendsim.com 

IC^l 5 ] 

^ 'SJ^ ^IAiLoiI (_j^-aJ Sl^Li-ai] ^ ‘ “J J^' cJ^jA (ja 
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[c'^) 6 ] 

(j-a Dcmo ^ -š I.U 1j LllLa_jLi-a]l (j-a ^j-a J1 

http://www.automedsvstems.com 

[C^) 7 ] 

j^jA DemO 4 V>u 1J LllLa_ji».A]l ^j-a .^jj-a ^_3Jc- J1 cJLy]tji.aJ 

http://www.opnet.com/solutions 

[C'-^) 8 ] 

^j^jA Demo 4 -^,h '^ diLa-^ 3^ t5^ ^ l ^'\l liW ^j^-aj 

http://www.promodel.com/products/medmodel 

[C^) 9 ] 

:^l:i]l qa Demo 4 v>uij LiiLa_ji*.A]l ^j-a .^^3^ t5^ 3 cJLy]tji.aJ 

http://www.wolverinesoftware.com/ProofProducts.htm 
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